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CHAPTER  I 
INTRODUCTION 

General  education  at  the  college  level  is  a 
relatively  new  process.  It  is  primarily  a product  of  the 
twentieth  century.  Being  new,  it  has  no  great  traditional 
background  to  help  shape  or  mold  its  form.  Some  of  the  forms 
which  have  evolved  have  withstood  the  pragmatic  test  of 
working  satisfactorily,  others  have  not.  But  even  among 
those  which  may  be  labelled  as  successful  there  is  great 
diversity.  To  a certain  extent  the  underlying,  direction- 
giving concept  of  general  education  accepted  by  a particular 
institution  is  the  source  for  the  apparent  variability. 

Differences  in  basic  notions  about  general  education 
are  not  the  only  sources,  however,  since  institutions  pro- 
fessing the  same  general  concept  may  be  seen  to  have  dif- 
ferences in  organization  and  administration  of  their 
respective  programs.  Though  some  may  decry  these  differences, 
feeling  that  they  are  but  symbols  of  confusion  from  which  can 
come  no  good,  others  hold  that  this  variability  is  good 
because  it  indicates  the  experimental  nature  of  a new 
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process,  and,  these  latter  continue,  it  is  only  from  such 
experimentation  that  adequate  programs  of  general  education 
may  be  derived. 

The  general  education  physical  sciences  course  at 
the  University  of  Florida  is  one  which  has  undergone  various 
changes  since  its  inception  in  1935.  Today  it  stands  on 
fairly-well-proven  ground.  However,  complacency  is  not  one 
of  the  characteristics  of  the  moulders  of  this  course.  They 
continue  to  see  a need  for  improvement  and  progress.  At 
the  time  of  this  writing,  the  need  felt  for  improvement  is 
centered  upon  the  second  semester  of  the  course.  As  it  now 
stands,  the  second  semester  offers  three  courses  under  one 
name.  That  is,  the  student  may  take  a general- education- 
oriented  course  in  geology,  physics,  or  astronomy.  How  these 
variants  came  into  being  is  set  forth  in  a later  chapter. 

The  point  at  hand  is  that  the  need  felt  is  to  eliminate  these 
variants  and  in  their  place  offer  a single  course  in  the 
physical  sciences. 

In  attempting  to  establish  such  a single  course  it  is 
necessary  to  decide  upon  the  objectives  to  be  sought.  The 
first  half  of  this  course  emphasizes  the  understanding  of 
physical  phenomena  and  the  development  of  reasoning  ability. 
Therefore,  it  is  felt  that  the  second  half  of  the  course 
should  emphasize  some  other  general  education  objective.  The 
objective  selected  is  to  develop  an  increased  appreciation 
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of  the  culture  and  its  antecedency  insofar  as  science  is 
concerned.  In  other  words,  it  is  felt  that  the  second 
semester  course  should  help  the  student  to  get  something 
of  the  true  picture  of  science  and  its  place  in  the  culture. 
His  attitude  toward  the  nature  of  science  should  be 
positively  affected. 

This  new  objective,  it  is  believed,  may  be  achieved 
best  through  an  examination  of  the  growth  of  ideas.  And, 
further,  it  seems  that  the  best  way  to  have  a meaningful 
examination  is  to  emphasize  the  discussion  method  in  the 
classroom. 

In  the  past  the  general  education  physical  sciences 
course  has  not  done  much  with  the  discussion  method- - 
progressing  mainly  by  recitation  and  informal  lecture.  In 
view  of  the  fact  that  employment  of  open  discussion  is  a 
new  approach  in  the  department,  and  the  selected  primary 
objective  also  is  new,  it  was  decided  to  hold  a pilot  study 
to  determine  the  feasibility  of  these  ideas  insofar  as 
University  of  Florida  students  were  concerned.  The  astronomy 
variant  was  selected  to  test  out  the  new  ideas. 

PiTpbJ-.gjn 

Specifically,  the  problem  of  the  study  was  as  follows: 
To  determine  the  suitability  of  a selected  teaching  method  for 
the  achievement  of  predetermined  objectives  of  the  general 
education  physical  sciences  course  at  the  University  of 


Florida. 
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MmA  lei  UlS  Study 

As  pointed  out  above,  the  need  for  the  study  arose 
mainly  because  of  the  shift  in  the  primary  objective.  It 
was  desired  that  the  primary  objective  of  the  second  semester 
be  to  develop  a positive  attitude  toward  the  nature  of 
science.  But  it  was  necessary  to  conduct  a study,  not  only 
to  see  if  this  objective  could  be  achieved  at  the  University 
of  Florida,  but  also  to  determine  the  effectiveness  of  the 
proposed  teaching  method. 


Certain  terms  need  to  be  defined  as  they  were  used 
in  the  study. 

General  education: 

...  refers  to  those  phases  of  nonspecial ized 
and  non vocational  education  that  should  be  . . . the 
common  denominator,  so  to  speak,  of  educated 
persons.  ...  the  type  of  education  which  the 
majority  of  our  people  must  have  if  they  are  to  be 
good  citizens,  parents,  and  workers.1 

Attitude:  An  acquired,  or  learned,  and  established 

tendency  to  react  toward  or  against  something  or  somebody . 


^American  Council  on  Education,  £ Design  iai  General 
Educaiion.  A Report  Prepared  by  the  Committee  on  a Design 
for  General  Education  (Washington:  American  Council  on 
Education,  1944),  p.  7. 
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A j uclgment  held  as  true  which,  though  not  neces- 
sarily based  on  adequate  evidence  to  be  considered 
as  proven,  is  arrived  at  to  a certain  extent  by 
intellectual  processes. ^ 

Understandings  • . being  able  to  act,  feel,  or 
think  intelligently  with  respect  to  a situation."3 

Reasoning:  The  ability  to  comprehend  and  infer. 

C-22d:  A one  semester  course  in  descriptive  astronomy 

currently  offered  in  the  general  education  physical  sciences 
department  of  the  University  of  Florida. 

JJuai.ta.U2ns 

In  order  to  delineate  the  study  properly,  the 
following  restrictions  were  applied: 

1.  The  study  was  confined  to  C-22d. 

2.  The  study  was  limited  to  an  evaluation  of  the 
selected  objectives. 


3.  Outcomes  of  the  study  were  considered  directly 
applicable  to  C-22d  only. 


,.T  „ , Hyf;,Fair^i:Lj  JUs-Uanaiv  af  SaqiolqqY 

(New  York:  Philosophical  Library,  1944),  p.  208. 

3</.  A.  Brownell  and  V.  M.  Sims,  "The  Nature  of 
Understanding, " Jks  EfeflfflMraWPl;  of  Understanding.  The 
Forty-Fifth  Yearbook  of  the  National  Society  for  the  Study 
of  Ikiucation,  Part  I (Chicago:  University  of  Chicago  Press- 
1946),  p.  28. 
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Underlying  the  study  were  some  basic  assumptions. 
First,  it  was  not  within  the  realm  of  the  study  to  argue 
extensively  for  the  case  of  general  education.  Therefore, 
it  was  assumed  that  general  education  is  a valid  educational 
arrangement  at  the  college  level.  Second,  no  argument  was 
to  be  raised  for  the  validity  of  using  astronomy,  an  example 
of  a physical  science,  to  attain  the  stated  goals.  Instead, 
it  was  assumed  that  astronomy  may  be  used  to  help  achieve 
the  purposes  of  general  education.  Third,  attitudes  are 
difficult  to  measure.  Only  through  long-time  objective 
observation  of  an  individual  in  a large  variety  of  situations 
can  a good  estimate  of  attitudes  be  achieved.  Due  to 
limitations  of  time  this  could  not  be  accomplished.  However, 
it  was  felt  that  a person's  opinion  generally  gives  some 
evidence  of  his  attitude,  and  opinions  can  be  measured 
comparatively  easily.  "Psychologically,  an  opinion  is  a 
verbalized  attitude."4  Therefore,  it  was  assumed  that 
attitudes  are  usually  reflected  in  opinions. 

Ealaksd  Studies 

Studies  which  have  already  been  made  and  which  were 
definitely  pertinent  to  the  study  at  hand  were  relatively 

%.  C.  Trow,  SfliyaUpfl  P.TOtolQfflE  (2d  ed.;  New 
York:  Houghton-Mifflin  Co.,  1950),  p.  113. 
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few  in  number.  Probably  leading  among  these  was  V.  L. 
Brewer's  study.6  In  this  study  Brewer  sought  to  answer  the 
following  questions: 

1.  To  what  extent  are  factors  such  as  intelligence, 
initial  information,  sex,  high  school  attended, 
and  high  school  courses  in  science  and  mathe- 
matics related  to  student  achievements,  in- 
creases in  information,  and  changes  in  opinions? 

2.  To  what  extent  can  the  final  grade  marks  of 
students  be  predicted  from  data  available  at 
the  beginning  of  the  survey  course? 

3.  How  do  different  lecture  and  recitation  instruc- 
tors differ  in  their  influence  on  student 
achievements,  increases  in  information,  and 
changes  in  opinions? 

i > 

4.  How  well  do  the  final  grade  marks  divide  the 
students  of  the  survey  course  into  distinctly 
different  groups?  How  do  failing  students  in 
the  survey  course  differ  from  those  who  receive 
passing  marks? 

5.  How  do  "repeaters"  fare  in  their  second 
experience  with  the  survey  course?6 

The  data  Brewer  collected  to  answer  these  questions 
came  from  a one- semester  physical  science  survey  course  at 
Queens  College,  New  York  City  during  the  spring  of  1939. 
Sources  of  data  included  final  grade  marks  (showing  course 
achievement),  American  Council  on  Education  Psychological 
Examination  (as  a measure  of  intelligence),  high  school 


5*r.  L.  Brewer,  ifca.tP.Eg  Stttsteflt  AShlSYgagHt 

.Chanas  in  3 Phy.sl9.al,  .Sclsas.g  fimysy  Qp.uisg  (New  York: 
Teachers  College,  Columbia  University,  1943). 

6 Ibid.,  pp.  1-2. 
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grades  (indication  of  high  school  background),  sex, 
information  pre-test  and  information  post- test,  ability  to 
apply  science  information  test,  and  opinion  scale.  From  his 
data  he  concluded  that  the  most  important  predictive  measure 
was  the  information  pre-test;  that  the  different  instructors 
influenced  their  students  only  slightly  differently;  that 
the  final  grade  marks  rather  well  established  five  groups; 
that  the  "repeater*  gained  little  from  his  second  exposure; 
and  that  intelligence,  sex,  the  number  of  mathematics  courses 
taken  in  high  school,  and  the  kinds  of  science  courses  taken 
in  high  school  definitely  affected  the  final  outcome  in  the 
survey  course.  Brewer  used  the  terms  "opinion"  and  "attitude" 
interchangeably,  and  evidently  used  the  same  assumption 
regarding  these  terms  as  this  study  did.  His  results  showed 
that  changes  in  opinion  were  quite  moderate,  but  this  was 
to  be  expected  since  no  systematic  effort  had  been  made  to 
change  them. 

Another  study  pertaining  to  the  one  at  hand  was  done 
by  L,  L.  Wilson.?  He  prepared  twenty-six  statements  about 
science  based  on  concepts  in  two  volumes  about  science  and 
society.  These  statements  were  set  down  as  opinions,  and 
various  groups  were  asked  to  react  to  the  statements.  Those 


?L.  L.  Wilson,  "A  Study  of  Opinions  Related  to  the 
Nature  of  Science  and  Its  Purpose  in  Society,"  Science 
Education.  XXXVIII  (March,  1954),  159-164. 
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reacting  to  the  items  included  freshmen  and  sophomores  in  a 

general  physical  science  course,  seniors  in  their  final 
semester  prior  to  student  teaching,  junior  and  senior  science 
majors,  public  school  teachers  in  an  extension  class,  and 
some  high  school  students  in  a demonstration  school  who  had 
had  general  science  in  the  seventh,  eighth,  and  ninth  grades. 
The  general  conclusion  Wilson  arrived  at  after  collecting 
the  reactions  was  that  there  existed  a considerable  lack  of 
understanding  of  science  and  its  place  in  American  society 
as  these  were  defined  in  the  two  source  volumes.  Ttiere  was 
no  indication  of  an  effort  to  establish  the  reliability  of 
the  statements  used. 

Mason  and  Warrington8  conducted  an  experiment  at 
Michigan  State  College  in  the  Natural  Science  course  in  which 
current  scientific  articles  were  used  as  a supplement  to  the 
subject  matter  of  classroom  teaching.  They  utilized  the 
discussion  technique  in  evaluating  the  articles.  Achievement 
was  measured  by  the  regular  departmental  examinations; 
opinions  by  the  Inventory  of  Beliefs,  Form  I (American  Council 
on  Education);  reasoning  by  A Test  of  Science  Reasoning  and 
Understanding,  Natural  Science  (First  Edition),  Form  C 
(American  Council  on  Education);  and  intelligence  by  the 

8J.  M.  Mason  and  W.  G.  Warrington,  "An  Experiment 
in  Using  Current  Scientific  Articles  in  Classroom  Teaching," 
Science  Education.  XXXVIII  (October,  1954),  299-304. 
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Psychological  Examination  (American  Council  on  Education). 

In  their  conclusions  they  noted  that  this  technique  was  no 
more  effective  in  developing  the  ability  to  think  scientifi- 
cally than  their  usual  method.  They  felt  that  possibly 
better  results  would  have  been  obtained  had  the  articles 
been  more  closely  related  to  the  subject  matter  of  the 
course. 

A fourth,  and  more  recent  study  was  made  by 
Pfaffmann  and  Schlosberg.9 *  Their  study  resembled  this  one 
in  several  respects.  They  described  a new  general  education 
course  at  Brown  University  which  was  centered  in  the  field 
of  psychology.  The  basic  idea  of  the  course  was  to  ".  • • 
make  a challenging  classic  the  foundation  for  a course  of 
study."19  The  students  were  to  discover  ideas  in  books, 
analyze  the  ideas,  and  interpret  them.  They  were  less 
concerned  with  the  teaching  of  factual  information  and  more 
with  "...  giving  the  future  citizen  an  intelligent 
appreciation  of  the  nature  and  methods,  the  aims  and 
limitations  . . ."of  science.11  The  students  read  four 
core  books  plus  some  outside  reading.  There  were  three 


9Carl  Pfaffmann  and  Harold  Schlosberg,  "The 
Identification  and  Criticism  of  Ideas,"  The  American 
Psychologist.  XI  (February,  1956),  78-83. 

1QIbid..  p.  78. 

11 Ibid.,  p.  78. 
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written  papers  of  1,000  to  2,000  words.  They  had  three 
fifty-minute  discussion  periods  per  week  plus  one  two-hour 
laboratory.  The  discussion  method  was  emphasized.  The 
results  of  this  process  indicated  no  significant  difference 
between  the  students  taking  this  discussion-emphasized 
course  and  those  taking  the  regular  lecture  sections  insofar 
as  grasp  of  factual  information  was  concerned.  The  former, 
however,  had  a better  opinion  of  the  course  than  the  latter 
as  reflected  by  a questionnaire  study.  The  authors  felt 
that  one  hour  was  insufficient  for  good  discussion  and  that 
some  of  the  laboratory  sessions  were  insufficiently  structured. 

In  summary,  these  related  studies  indicated  something 
of  the  experimental  nature  of  much  of  general  education,  of 
efforts  to  make  learning  more  meaningful  through  use  of  the 
discussion  method,  and  of  attempts  to  evaluate  attitudes  to- 
ward science.  The  only  general  statement  which  could  be  made 
was  that  there  is  an  increasing  awareness  of  the  need  to 
evaluate  the  effect  of  general  education  courses  on  the 
student's  attitudes  and  to  determine  the  role  of  the  discussion 
method.  At  present  there  is  no  clear-cut  statement  which 
could  be  made  about  either  area. 

HYBgfctefiifig 

As  noted  above,  the  problem  with  which  the  study  was 
concerned  was  to  determine  the  suitability  of  a method  of 
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teaching  which  held  promise  for  achieving  certain  goals.  In 
line  with  this,  the  following  hypothesis  was  offered:  The 
proposed  method  of  teaching  is  suitable  for  the  general 
education  physical  sciences  course  (C-22d)  at  the  University 
of  Florida— that  is,  the  objectives  of  the  course  will  be 
achieved. 

Since  the  proposed  method  looked  to  discussion  as  a 
key  method,  a secondary  consideration  arose  concerning  the 
amount  of  discussion  desirable.  A special  section  was 
established  to  determine,  if  possible,  the  benefits  of  having 
more  discussion  than  that  called  for  by  the  proposed  curricu- 
lum. For  this  group  a second  hypothesis  was  offered:  The 

greater  the  amount  of  meaningful  discussion  the  greater  will 
be  the  development  of  a positive  attitude  toward  science 
without  loss  of  growth  in  factual  information  and  reasoning 
ability. 

Elan  <2l  the  gfridac 

First  is  a substantiation  of  the  validity  of  the 
selected  teaching  method.  This  is  done  by  reviewing  the 
development  of  general  education,  including  the  role  of 
science  in  general  education  and  the  development  of  the  general 
education  physical  science  course  at  the  University  of  Florida. 
Then,  the  theoretical  bases  underlying  various  techniques  of 
instruction  are  examined.  This  part  includes  a brief 
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summarization  of  learning  and  the  learning  process  together 
with  a statement  as  to  how  these  influence  the  selection 
of  instructional  methods. 

After  the  background  is  established,  a description 
of  the  proposed  C-22d  course  is  made,  including  the 
objectives,  content,  methods  of  instruction,  kinds  of  class 
activities,  and  evaluation.  As  will  be  noted  later,  the 
primary  objective  of  the  course  is  one  which  is  a valid 
objective  for  general  education,  but  one  which  has  received 
relatively  little  attention  with  regard  to  its  achievement  or 
measurement.  This  objective  deals  with  attitudes  toward 
science.  Because  little  has  been  done  in  actually  attempting 
to  measure  attitudes  toward  science  it  was  necessary  to 
develop  an  instrument  for  this  purpose.  The  procedures 
employed  in  the  development  of  this  instrument  are  recorded 
in  Appendix  B.  In  order  to  get  a measure  of  the  subject 
matter  information  which  the  students  brought  to  class  with 
them  at  the  beginning  of  the  semester,  an  Astronomy  Infor- 
mation Test  was  devised.  This  instrument  also  was  a child  of 
necessity.  Its  development  is  described  in  Appendix  A. 

Other  evaluative  techniques  employed  include  the  departmental 
tests,  classroom  observations,  and  a questionnaire.  Thus, 
judgment  as  to  the  suitability  of  the  proposed  method  was 
based  on  the  opinions  of  the  instructors,  on  ratings  of 
various  features  of  the  course  by  the  students,  and  on  the 
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results  of  the  various  measuring  instruments  employed. 

Judgment  relative  to  the  merits  of  increased  amounts 
of  meaningful  discussion  was  based  on  a comparison  of  the 
special  section  (with  twelve  students)  with  the  control 
sections  (with  a total  of  thirty  students).  The  comparison 
utilized  the  evaluative  techniques  enumerated  above.  The 
prime  difference  between  the  special  and  control  sections  was 
the  amount  of  time  spent  in  discussing  excerpts  from  original 
writings. 


Following  the  course  description  is  an  accounting  of 
the  results  of  the  various  evaluative  techniques  employed. 
The  data  from  this  last  are  used  to  support  or  deny  the 
proposed  hypotheses. 


CHAPTER  II 


GENERAL  EDUCATION  AND  SCIENCE 

General  education  is  general  only  in  the  sense  that 
the  term  is  now  accepted  as  a part  of  the  educator's  voca- 
bulary. Much  of  general  education  is  anything  but  a well- 
defined,  clearly  outlined  state  of  affairs.  The  general 
education  movement  is  young,  as  educational  programs  go,  and 
thus  has  been  subjected  to  the  harassing  initial  period  of 
trial- and-error  which  besets  most  new  endeavors.  However, 
there  is  increasing  acceptance  of  the  idea  of  general  educa- 
tion and  increasing  efforts  are  being  made  to  implement  it. 

gflflgSPta  of  Gengj&l  fidMWaUQIl 
College  Catalogues 

Boston  University's  College  of  General  Education 
expresses  the  idea  that  general  education  is  general  in  that 
it  is  concerned  with  the  common  educational  needs  of  all 
students— knowledge  and  understanding,  skills  and  attitudes, 
appreciations . ^ 

1 .Boston  ynivftffffiity  BflU&Up,  1955-5.6  (Boston: 

Boston  University  Press,  1955),  p.  299. 

15 


16 


In  the  Hendrix  College  catalogue  is  found  the  belief 
that  general  education  aims  to  prepare  students  to  live 
responsible  and  satisfying  lives  both  in  college  and  after 

graduation .2 

The  Bulletin  of  the  University  of  Minnesota  notes: 
General  education  aims  to  " , . . produce  well-rounded 
individuals— men  and  women  who  can  understand  the  intricate 
patterns  of  the  modern  world,  who  can  meet  daily  problems 
with  a sound  sense  of  values,  who  can  live  full  and  responsi- 
ble lives."2 

Literature 

Increased  clarification  of  the  concept  of  general 
education  might  be  achieved  by  examining  some  of  the  state- 
ments about  it  from  the  literature, 

"General  education  is  liberal  education  with  its 
matter  and  method  shifted  from  its  original  aristocratic  in- 
tent to  the  service  of  democracy. 

B.  Lamar  Johnson  feels  that  man  does  not  live  by 
bread  alone.  Technical  training  by  itself  does  not  equip  a 

2ilendrix  ftaUfiaS  BhUfrUR,  (Conway,  Arkansas: 

Hendrix  College,  1955),  p.  15. 

3 Bulletin  of  VnjYQyai.ty  of  Mjnnega&ft,  1156-12 
(Minneapolis:  University  of  Minnesota,  1956),  p.  12. 

^President's  Commission  on  Higher  Education,  Higher 
Education  £21  wwiAsan  PSfflQ, SISKS,  A ReP°rt  of  t^e  President's 
Commission  on  Higher  Education,  I (Washington:  U.  S. 
Government  Printing  Office,  1947),  p.  49. 
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person  for  living,  only  for  earning  a living.5 6 * 

Lovinger  indicates  the  overall  purpose  of  general 
education  to  be  the  provision  of  edcuational  experiences 
essential  to  all.® 

The  University  of  Chicago  believes  that  general 
education  at  the  college  level  should  prepare  the  young  people 

to  deal  with  the  common  problems  of  the  American  democratic 

7 

society. 

Also  in  the  literature  are  numerous  statements  about 
the  goals  of  general  education.8 * 10*  From  these  the  concept 

of  general  education  may  be  inferred. 

Philosophical  Statements 

By  noting  the  various  philosophical  bases  for  general 
education  it  is  possible  to  see  why  there  are  variations  not 
only  in  the  concept  but  also  in  the  modes  of  organization 
and  administration.  Taylor  describes  the  basic  philosophies 

5B.  Lamar  Johnson,  fifflarfll  MiffaUPU  la  Action 
(Washington:  American  Council  on  Education,  1952)  chap.  i. 

6W.  C.  Lovinger,  Qgngral,  EstotiPfl  la  laagfrexa  Colleger 
(Oneonta,  New  York:  American  Association  of  Colleges  for 
Teacher  Education,  1948),  p.  8. 

^Clarence  H.  Faust,  "The  Problem  of  General  Educa- 
tion," lisa  aal  Eca S.US3  &£  Education  (Chicago: 

University  of  Chicago  Press,  1950),  p.  3. 

O 

Johnson,  .gp.  cit..  pp.  22-29. 

President's  Commission  on  Higher  Education,  op.  cit. . 
pp.  50-58. 

10American  Council  on  Education,  4 Design  for  General 
Education.  A Report  Prepared  by  the  Committee  on  a Design  for 
General  Education  (Washington:  American  Council  on  Education, 
1944),  p.  71 
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as  (1)  rationalism,  (2)  neo-humanism,  and  (3)  instru- 
mentalism.** 

The  first  is  a system  of  absolute  truths.  It  is  in 
the  works  of  the  classical  thinkers  that  eternal  principles 
are  to  be  found.  The  sole  aim  of  education  is  the  culti- 
vat ion' of  reason,  and  a program  of  general  education  must 
be  based  on  a serious  study  of  the  past. 

The  second,  neo- humanism,  has  about  the  same  aims 
as  rationalism,  but  differs  from  it  by  not  holding  to  any  one 
philosophy.  The  emphasis  here  is  on  an  objective  order  of 
subject  matter.  Selection  of  significant  ideas  and  informa- 
tion forms  the  common  body  of  knowledge  for  modern  education. 

The  third,  instrumentalism,  is  based  on  experience. 
This  emphasizes  the  uses  of  knowledge.  There  is  no  mind- 
body  dualism.  The  curriculum  is  determined  by  (a)  what 
kinds  of  knowledge  and  experience  can  contribute  to  a more 
abundant  personal  life  and  (b)  what  kinds  of  knowledge  and 
experience  can  contribute  to  a stronger  and  freer  social 
order. 


**Harold  Taylor,  "The  Philosophical  Foundations  of 
General  Education,"  gjgnerc^  j&acatjgri,  The  Fifty-First 
Yearbook  of  the  National  Society  for  the  Study  of  Educa- 
tion, I (Chicago:  University  of  Chicago  Press,  1952), 
chap.  ii. 
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Concept  Used  in  the  Study 

There  is  variety  in  general  education  from  the  outset 

inasmuch  as  there  are  differing  basic  philosophies.  Since 

it  was  impossible  to  set  down  any  one  uniformly  accepted 

specific  definition  of  general  education,  it  became  necessary 

to  indicate  the  position  taken  in  this  study.  The  concept 

used  herein  is  the  one  expressed  by  the  American  Council  on 

Education  in  1944  and  which  is  accepted  at  the  University 

of  Florida.  General  education, 

...  refers  to  those  phases  of  non- specialized  and 
nonvocational  education  that  should  be  . . . the  common 
denominator,  so  to  speak,  of  educated  persona  ... 
the  type  of  education  which  the  majority  of  our  people 
must  have  if  they  are  to  be  good  citizens,  parents, 
and  workers.1^ 

1ii.st.9zy:  o£  ^najcfli  Education 

The  basic  idea  of  general  education  probably  had 
its  germ  in  the  reactions  to  overspecialization,  which 
reactions  received  increasing  vocal ity  and  notice  from  the 
beginning  of  the  twentieth  century.  Throughout  the  preceding 
100  years  colleges  and  universities  had  increased  the  number 
of  departments  and  the  numbers  of  courses  offered  in  these 
departments.  College  curricula  became  quite  highly 
compartmentalized,  itfith  the  initiation  of  the  free- elective 
system  at  Harvard  by  President  Eliot  during  the  latter 

^American  Council  on  Education.  ££.  cit.  - p.  7. 
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half  of  the  nineteenth  century,  the  compartmentalization  or 

fragmentation  of  education  approached  its  zenith.  For  example. 

Dean  Carman,  in  describing  Columbia  College  when  he  first 

arrived  there  in  1917,  said. 

At  that  time  the  Columbia  College  curriculum  was  that 
of  an  old-fashioned  liberal  arts  college  still  largely 
under  the  influence  of  the  Eliot  free-elective  system. 

• . . Under  this  arrangement  it  was  possible  for  a 
student  to  collect  120  credit  points  then  required  for 
the  A.B.  degree  and  never  elect  a course  beyond  those 
of  sophomore  level.  Of  course  not  all  students  did  so 
but  some  did. IS 

With  the  increasing  store  of  knowledge  and 
specialization  in  occupations  grew  the  number  of  courses 
offered.  This  effect  has  continued  on  into  the  twentieth 
century.  Since  there  seemed  to  be  no  slackening  of  a tide 
already  gone  too  far,  some  educators  began  to  cry  out  against 
this  system,  and  pleaded  for  some  sort  of  modification.^ 


■^Harry  J.  Carman,  "Reminiscences  of  Thirty  Years  of 
General  Education  at  Columbia  College, " General  Education 
at  Mid- Century,  ed.  Robert  D.  Miller  (Tallahassee,  Florida: 
Florida  State  University,  1950),  p.  170. 

l«Cf.  A.  Laurence  Lowell,  "Inaugural  Address,  October 
6,  1909,"  Atlantic  Monthly.  CIV  (November,  1909),  688-695. 

Preserved  Smith,  "The  Unity  of  Knowledge  and  the 
Curriculum,"  Review.  XLV  (April,  1913), 

339-344. 

Glenn  Frank,  "Humanizing  Education,"  Century 
Magazine.  XCVIII  (September,  1919),  651-666. 

Waldo  Shumay,  "Survey  Courses  and  the  Junior  College," 
School  and  Society.  XXXIV  (August  15,  1931),  207-214. 
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Clarence  Faust  summarized  this  feeling  by  stating. 

One  of  our  basic  needs  as  a nation  is  a generally 
educated  citizenry,  for  the  success  of  our  democracy 
depends  ultimately  upon  the  wisdom  of  our  people. 

Yet  this  crucial  need  for  general  education,  that  is, 
for  the  kind  of  education  that  will  prepare  men  to 
deal  with  the  problems  which  confront  all  members  of 
a democratic  society,  has  been  largely  overlooked  at 
the  higher  levels  of  education  in  this  country  because 
of  our  concern  with  more  restricted  needs,  especially 
our  interest  in  developing  competence  for  occupations 
and  professions.1^ 

The  increase  in  knowledge,  the  multiplication  of 
compartmentalized  courses,  and  the  rise  of  the  elective  system 
were  causing  a disunity  in  higher  education.  Also  contri- 
buting to  this  disunity  were  the  increased  complexity  of 
living  in  modern  American  society  and  the  tremendous  increase 
in  the  number  of  college  students.  The  proponents  of  general 
education  saw  in  it  a means  to  counterbalance  properly  the 
specialized  aspect  of  college  and  at  the  same  time  to  help 
regain  a unity  in  higher  education. 


.tosmiaaUffih  of  general  fetocaUgn 

The  modes  of  organization  taken  by  general  education 

equally  reflect  the  differences  in  underlying  philosophy. 

Though  the  analysis  of  the  patterns  may  differ  from  one  source 

to  another,  these  patterns  are  traceable,  usually,  to  the 

16 

basic  philosophy.  Using  Taylor's  breakdown,  the  rationalist 
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Clarence  H.  Faust,  pp.  cit . 

1 6 

Harold  Taylor,  op.  cit. 
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reflects  itself  in  the  *100  Great  Books*  idea  at  St.  Johns; 
the  neo-humanist,  which  prescribes  no  one  philosophy, 
emphasizes  subject  matter  such  as  at  Harvard;  and  the  instru- 
mentalist, looking  to  experience  as  its  key,  seeks  its 
definition  in  the  individual  as  is  done  at  Antioch  College. 

Even  within  a single  philosophical  framework  there  may  be 
differences  of  organization. 

&£  fisnaial 

Evaluation  is  a necessary  component  of  education, 
tfithout  it  there  can  be  no  assurance  that  the  objectives 
sought  are  even  being  approached.  But  it  is  in  this  area 
that  one  of  the  greatest  lacks  in  general  education  exists. 

Much  has  been  written  about  this  process,  but  there  still 
remains  a gap  between  what  the  evaluations  are  supposed  to 
measure  and  what  they  do  measure.  Supposedly,  each  program  of 
general  education  has  a set  of  objectives,  and  the  evaluative 
function  is  designed  to  measure  the  extent  of  objective 
achievement.  All  too  frequently  a criticism  has  been  levelled 
at  a general  education  program  because  its  methods  of 
evaluation  reflected  nought  save  memorized  factual  information. 
The  writers  in  the  field  of  general  education  offer  hope  of 
not  falling  into  such  a pitfall  by  listing  a series  of  steps 
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to  be  followed.17'18  By  following  these  steps  it  is  probable 
that  adequate  evaluation  would  take  place.  The  main 
difficulty  seems  to  arise  in  attempting  to  state  just  what 

specific  behavior  is  indicative  of  a certain  objective.19 

. < 

Areas  for  Evaluation 

Examination  of  the  goals  for  general  education  as 
set  forth  by  most  well- recognized  educational  groups  indicates 
three  main  areas  for  evaluation.  First  is  the  area  of 
factual  knowledge,  second  is  the  area  of  reasoning,  and 
third  is  the  area  of  the  development  of  certain  attitudes, 
opinions,  beliefs,  etc.  It  is  this  third  area,  the  attitude, 
which  has  been  hailed  by  general  education  as  a forte  of  its 
province  yet  which  has  received  negligible  attention  with 
sincere  efforts  to  evaluate.  A search  of  the  literature 
reveals  that  little  has  been  done  to  evaluate  the  effect  of 
various  general  education  programs  on  the  attitudes  of  the 
students.  One  recent  volume  points  up  this  need  and  makes 


17C.  Robert  Pace,  "Evaluating  the  Outcomes  of  General 
&£  figasiftil  Education.  I (January,  1947), 

18Paul  L.  Dressel,  "Evaluation  Procedures  for  General 
Education  Objectives,"  , Educational  Record.  XXXI  (April,  1950), 

19 

J.  tf.  Kidd,  "Implementing  the  Goals  of  General 
Ration  " isjuaal  SdttsattQiffll  Research.  XLIV  (March, 
1951/,  521—528. 
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a concerted  effort  to  meet  the  need.20 

Evaluative  Practices 

The  practices  of  evaluation  vary  from  campus  to 
campus.  At  one  school  the  essay  type  of  written  test  is  used 
whereas  at  another  school  written  examinations  are  strictly 
of  the  objective  type;  one  will  use  a variety  of  data  to 
evaluate  the  program  while  others  rest  strictly  on  examination 
results;  one  will  have  evaluation  by  the  individual  in- 
structor yet  another  will  mass  produce  evaluations  by  means 
of  scoring  machines.  In  all  of  these  practices,  however,  not 
too  much  has  been  done  to  evaluate  attitudes.  Awareness  of 
the  problem  exists,  and  it  appears  that  this  aspect  of  the 
evaluative  process  will  occupy  its  proper  position  within  the 
next  decade. 

flawing  tang  Qgnggal  JBfaffgtApp 

From  the  foregoing  it  may  be  inferred  that  the  basic 
function  of  general  education  is  to  promote  a fuller  develop- 
ment of  the  individual  as  a person,  as  a citizen,  and  as  a 
social  being;  more  so  than  would  be  possible  ordinarily 
through  the  pursuit  of  a specialized  course  of  study  only. 

A student  subjected  to  a program  of  general  education  should 
come  through  with  greater  understandings  and  appreciations 

20Paul  L.  Dressel  and  Lewis  B.  May hew.  General 
Education  (Washington:  American  Council  on  Education,  1954), 
chap.  viii. 
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of  himself  in  relation  to  himself  and  to  his  culture.  This 
could  be  spelled  out  specifically  by  such  ideas  as 
recognizing  and  acknowledging  his  own  potentialities  and 
limitations,  by  perceiving  and  accepting  his  responsibilities 
in  society,  by  recognizing  and  adapting  himself  in  approved 
ways  to  the  many  variables  of  the  environment,  by  keeping 
an  "open  mind"  and  considering  his  problems  rationally,  by 
accurately  appraising  his  position  in  time  and  space,  and  by 
evidencing  increased  capacity  for  adequate  communication. 

The  items  listed  above  are  the  benefits  an  individual 
should  receive  from  a general  education  program.  But  society 
will  benefit  too.  If  the  individual  has  profited  from  the 
general  education  courses  then  he  is  more  likely  to  be  a 
sustaining  and  contributing  member  of  society.  The 
individual  who  is  willing  to  work  for  his  economic  independ- 
ence, who  takes  a rational  part  in  the  operation  of  the 
government,  who  indulges  in  good  health  practices,  and  who 
exemplifies  moral  ideals  is  making  a valuable  contribution 
to  society. 

In  short,  then,  it  may  be  said  that  the  ideal  general 
education  program  is  one  which  fosters  the  development  of  the 
following  attributes  in  an  individual: 

1.  Recognition  of  own  strengths  and  weaknesses. 

2.  Acceptance  of  individual,  civic,  and  social 
responsibilities. 
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3.  Comprehension  of  the  physical  environment  and 
its  influence. 

4.  Utilization  of  processes  of  rational  thought. 

5.  Appreciation  of  the  culture  and  its  antecedency. 

6.  Ability  to  communicate  effectively. 


am  fiaafflcaJ.  Education 


According  to  the  literature,  the  primary  goal  toward 

which  science  may  contribute  seems  to  be  the  one  stated  by 

the  President's  Commission  as: 

To  understand  the  common  phenomena  of  one's  physical 
environment,  to  apply  habits  of  scientific  thought  to 
both  personal  and  civic  problems,  and  to  appreciate 
the  implications  of  scientific  discoveries  for  human 
welfare. 

Statements  of  the  objectives  of  general  education  science 
courses  may  be  found  which  are  directed,  essentially,  toward 
the  idea  contained  in  the  goal  of  the  President's  Commission.22 


21 

President's  Commission  on  Higher  Education,  op. 
cit . . p.  52. 

22Cf.  Sam  S.  Blanc,  "Review  of  the  General  Goals  in 
Science  Teaching,"  SgJLsace  Education.  XXXVI  (February,  1952), 
47-52. 

J.  D.  Bernal,  "Science  Teaching  in  General  Education," 
Science  Education.  XXIX  (December,  1945),  233-240. 

Robert  A.  Bullington,  "Summary  of  a Study  of  College 
Science  Courses  Designed  for  General  Education."  Association 
of  American  Colleges  Bulletin.  XXXVI  (May,  1950),  26^-272. 

C.  C.  Clark,  "College  Physical  Science  Courses  in 
General  Education,"  a&SI.isan  laUEhal  &£  £hxsia§,  XVII 
(May,  1949),  267-269. 
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It  seems  to  be  agreed  that  if  the  idea  of  general  education 
is  accepted  then  science  has  a place  in  the  curriculum  and 
that  it  has  a very  definite  contribution  to  make. 

The  organization  of  the  content  of  these  science 
courses  has  undergone  a rather  clear-cut  development.  In  the 
1930's  most  of  the  science  courses  were  established  as  survey 
courses  in  which  a great  number  of  principles  or  ideas  were 
covered  in  a rather  shallow  fashion.  Criticism  of  the  survey 
course  grew  during  the  latter  part  of  the  1930' s.  It  was 
felt  that  the  shallow  nature  of  the  course  was  failing  to 
achieve  the  desired  educational  goals.  During  the  1940 's 
another  type  of  organization  grew  stronger.  The  proponents 
of  the  newer  type  of  organization  claimed  that  restricted, 
deep  coverage  of  subject  matter  would  enable  the  student 
to  achieve  the  sought- for  objectives.  Thus,  there  developed 
what  has  become  known  as  the  block- and-gap  method.  This 


James  B.  Conant,  Science  (New  York: 

New  American  Library,  1951). 

John  B.  Entrikin,  "Science  in  General  Education," 
Journal  of  Chemical  Education.  XXVIII  (May,  1951),  274-276. 

. , Earl  J-  McGrath  (ed. ),  jasj§.r\s.e  in  £aassal  Education 

(Dubuque,  Iowa:  W.  C.  Brown  Co.,  1948). 

R.  J.  Stephenson,  "Physical  Science  Courses  for 
Liberal  Arts  Students,"  jaarlcftff  of  Physics.  XII 

(August,  1944),  225-227. 

Wyane  W.  v/antland,  "The  Role  of  Science  in  General 
Education  and  Some  Suggestive  Methods  of  Evaluation," 
Association  of  American  Colleges  Bulletin.  XXXVI  (May,  1950), 

4j57*  266  ■ 


28 


trend  was  pointed  out  by  Krauskopf23  and  is  currently 
enjoying  general  theoretical  favor. 

Insofar  as  evaluation  is  concerned  the  science 
courses  in  general  education  are  no  better  off  than  any  of 
the  other  facets  of  the  program.  Tests  for  factual  knowledge 
and  tests  for  scientific  reasoning  are  fairly  plentiful* 

But  means  of  measuring  changes  in  attitude  relative  to  the 
field  of  science  has  not  made  much  progress.  In  fact,  there 
does  not  seem  to  be  any  sort  of  standardized  test  relative  to 
attitudes  toward  science.  A recent  study  indicated  a strong 
need  to  examine  this  business  of  attitudes. 24 

^bo-u-t  Sana ifll  Muq^.Up.a  ml 

The  natural  sciences  occupy  a role  in  programs  of 
general  education  for  two  reasons.  First,  they  are  very 
acutely  a factor  in  the  American  culture.  Second,  they  can 
contribute  effectively  to  the  purposes  of  general  education. 

Since  science,  especially  applied  science,  is  so 
dominant  in  the  culture,  its  study  could  be  directed  toward 
helping  realize  an  appreciation  of  the  culture.  But  more 


•^Konrad  B.  Krauskopf,  "Science  in  General  Education 
at  Mid-Century,"  Jwraal  si  iitahsr  fiAttSflUon,  XXII 
(February,  1951),  59-66. 

24l.  L.  Wilson,  "A  Study  of  Opinions  Related  to  the 
Nature  of  Science  and  Its  Purpose  in  Society,"  Science 
BdMatlaP,  XXXVIII  (March,  1954),  159-164. 


it  may  be  directed  toward 
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than  that,  because  of  its  nature, 
the  achievement  of  an  understanding  about  the  physical 
environment  and  toward  the  development  of  processes  of 
rational  thought.  Thus  adequate  programs  of  general  educa- 
tion need  to  include  the  natural  sciences. 


gqnsral  fitoattan  Pteigad  Qgtoggs 
HnXysxsifcy  FlarAdfl 

The  general  education  physical  science  course  at  the 
University  of  Florida  was  established  in  1935  along  with  the 
rest  of  the  general  education  program.  Initially  this  course 
was  described  as  follows: 

This  course  attempts  to  survey  the  phenomena  of 
the  physical  universe  with  particular  reference  to 
man's  immediate  environment ; to  show  how  these  phe- 
nomena are  investigated;  to  explain  the  more  important 
principles  and  relations  which  have  been  found  to  aid 
in  the  understanding  of  them;  and  to  review  the  present 
status  of  man's  dependence  upon  the  ability  to  utilize 
physical  materials,  forces,  and  relations.  The 
concepts  are  taken  mainly  from  the  fields  of  physics, 
chemistry,  astronomy,  geology,  and  geography,  and  they 
are  so  integrated  as  to  demonstrate  their  essential 
unity.  The  practical  significance  and  the  cultural  95 
significance  of  the  physical  sciences  are  emphasized. 

Since  1935  this  course  has  undergone  changes  in 
methods,  materials,  and  name.  It  began  as  a survey  course, 
but  this  proved  unsatisfactory.  It  was  changed  to  an 


2 ^Thomas  J.  Peters,  "The  Development  of  the  General 
Education  Program  at  the  University  of  Florida,"  (unpublished 
Master's  Thesis,  College  of  Education,  University  of  Florida, 
1949),  pp.  57-58. 


integrated  course  which  worked  well  on  paper  but  which  had  to 
be  discontinued  because  of  various  administrative  problems. 

The  survey  course  was  reinstated.  By  1949  the  administrative 
problems  of  the  integrated  phase  had  been  minimized  so  that 
another  integrated  course  was  established.  This  time  the 
integrating  theme  was  taken  from  Hedger2^  wherein  he  lists 
factors  of  the  physical  environment  which  have  had  a funda- 
mental influence  on  the  development  of  cultures. 

When  material  was  selected  according  to  the  Hedgerian 
criteria,  the  year  course  was  cut  down  to  a semester.  Much 
of  the  material  in  the  year  course  as  taught  in  1948  was  not 
an  influential  factor  in  the  development  of  cultures.  Thus 
the  second  semester  of  the  course  became  something  of  a new 
venture.  It  was  decided  that  the  second  semester  should  offer 
the  student  an  opportunity  to  examine  one  of  the  physical 
sciences  more  closely  than  was  possible  in  the  first  semester. 
As  a consequence  three  variants  were  set-up  for  the  second 
semester. 

As  it  now  stands  all  students  follow  the  same  text^? 
(written  by  the  two  senior  members  of  the  department  since 
no  suitable  text  existed)  during  the  first  semester.  During 
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L.  W.  Gaddum  and  H.  L.  Knowles,  Our  Physical 
Environment  (New  York:  Houghton-Mifflin  Co.,  1953). 
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the  second  semester  a student  may  be  enrolled  in  a general- 
education-  oriented  course  in  astronomy,  physics,  or  geology. 

Evaluation  of  the  students  is  accomplished  by  machine- 
scored,  objective- type  examinations.  As  seems  to  be 
generally  true,  no  effort  has  been  made  as  yet  to  evaluate 
attitudes  toward  science. 

Summary 

General  education  serves  to  increase  the  significance 
of  higher  education  for  both  the  individual  and  society. 
Properly  administered  it  will  foster  the  following  attributes 
within  an  individual,  and  these  in  turn  will  result  in 
benefits  to  society: 

1.  Recognition  of  own  strengths  and  weaknesses. 

2.  Acceptance  of  individual,  civic,  and  social  re- 
sponsibil it ies . 

3.  Comprehension  of  the  physical  environment  and  its 
influence. 

4.  Utilization  of  processes  of  rational  thought. 

5.  Appreciation  of  the  culture  and  its  antecedency. 

6.  Ability  to  communicate  effectively. 

The  natural  sciences  occupy  a definite  place  in 
programs  of  general  education  because  (1)  they  are  a dominant 
influence  in  the  culture  and  (2)  they  can  contribute  to  the 
effective  achievement  of  the  purposes  of  general  education. 
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They  are  peculiarly  well  adapted  towards  the  achievement  of 
attributes  three,  four  and  five  above* 


CHAPTER  III 


LEARNING  AND  METHODS  OF  INSTRUCTION 

The  process  of  learning  is  a fascinating  and 
challenging  subject.  All  formalized  educational  institutions 

are  committed  to  the  premise  that  individuals  subjected  to 

* 

their  influence  will  learn  certain  things  felt  to  be 
desirable.  But  with  the  thousands  of  elementary  and  secondary 
schools  and  the  nearly  two  thousand  institutions  of  higher 
learning  in  the  United  States,  all  claiming  the  power  to 
direct  learning,  comparatively  little  is  known  about  the 
learning  process  itself. 

teaming 

The  Learner 

The  learner  is  many  things  at  one  time  and  one  thing 
at  many  times.  He  is  at  once  a biological  and  a psychical 
entity.  As  a person  he  has  certain  physical,  psychological, 
social,  and  emotional  characteristics.  These  various  aspects, 
as  educational  psychology  books  indicate,  evidence  a 
continuous,  irregular  growth . More  than  that,  the  waves  of 
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irregularity  vary,  both  within  themselves  and  amongst 
themselves.  This  leads  to  a field  which  has  received  in- 
creasing attention  over  the  past  fifty  years,  that  of  in- 
dividual differences.  With  a broadening  of  the  scope  of  the 
schools  and  an  influx  of  students,  the  need  to  adjust 
programs  according  to  the  principles  of  child  growth  has 
become  evident.  The  field  of  psychology  thus  pointed  up 
certain  basic  considerations  which  must  be  taken  into  account 
in  developing  an  educational  program.^ 

The  next  question  which  arises  is  one  concerning  the 
nature  of  the  sources  of  these  differences.  Studies  on  the 
heredity-environment  question  have  revealed  some  information 
about  the  innate  capabilities  upon  which  all  educative 
forces  must  build.  But  as  yet  the  information  seems  to  be 
unreliable.  Just  how  much  is  learned  by  a person  and  how 
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much  is  inborn  has  long  been  a subject  of  controversy,  and 
it  is  far  from  settled  yet.2  Perhaps  it  is  best  to  adopt 
the  position  of  Davis: 

Heredity  and  environment  are  important  determinants 
of  success  in  learning.  Any  attempt  to  show  the 
relatively  great  importance  of  one  of  these  groups 
of  factors  as  distinct  from  the  other  would  be  futile 
because  the  two  are  inseparably  allied.2 

The  third  aspect  of  the  individual  which  should  be 
noted  briefly  is  that  of  personality.  Personality  is 
understood  to  be  the  sum  total  of  an  individual's  character- 
istics. This  includes  characteristics  which  are  inherited 
and  those  which  have  been  acquired.  In  considering  the 
number  of  variations  possible  due  to  heredity  plus  the  number 
of  variations  possible  due  to  environment,  the  permutations 
of  the  total  become  quite  staggering. 

In  conclusion  it  may  be  noted  that  this  point  of 
individual  or  personality  differences  is  of  prime  importance 


_ . 2cJ»  Bonner,  .Sacjflj,  Psychology  (New  York:  American 
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to  educational  institutions  since  they  are  committed  to  the 
premise  of  providing  controlled  learning  situations.  In 
order  to  achieve  their  goals  adequately,  schools  must  be 
cognizant  of  this  fact  and  make  what  provisions  they  can 
to  meet  this  challenge  of  individuality. 

The  Learning  Process 

The  process  of  learning  is  not  a simple  concept  and 
definitions  do  not  seem  adequate.  It  is  probably  accurate 
to  say  that  some  true  conceptualization  of  the  learning 
process  is  not  forthcoming  without  an  examination  of  the 
underlying  philosophies  or  theories  of  learning.  The  three 
principal  learning  theories  are  Conditioning,  Connectionism, 
and  Field  Theory. 

Conditioning. --"Learning  is  defined  as  the  alteration 
in  behavior  that  results  from  experience."^  In  order  to 
study  behavior  and  its  changes  it  is  necessary  to  choose 
events  which  can  be  observed  and  named.  The  main  events, 
insofar  as  learning  is  concerned,  are  stimuli  and  responses. 
Stimulus  is  understood  to  be  the  activation  of  a sense  organ; 
response  is  reflected  in  the  contraction  of  muscles  or  in 
the  secretion  of  glands. 

* j . • 

Emotion  is  noted  to  have  two  aspects.  First  is 

P « . ; 

excitement  which  means  the  occurrence  of  bodily  responses 

4E.  R.  Guthrie,  "Conditioning,"  Psychology 
Learning,  The  Forty-First  Yearbook  of  the  National  Society 
for  the  Study  of  Education,  II  (Bloomington,  111.:  Public 
School  Publishing  Co.,  1942),  p.  58. 


37 


that  tend  to  continue  and  strengthen  action.  Second  is 
depression  which  is  the  reverse.  "Both  movements  and 


emotional  responses  are  subject  to  associative  learning."5 


Just  as  responses  can  be  associated  with  stimuli,  they  can  be 
dissociated  also.  It  is  by  this  process  that  forgetting 
takes  place.  Learning  usually  takes  place  in  a single 
associative  period. 

Connect ion ism. — Learning  is  connecting.  The  connec- 
tions have  a physical  basis  in  the  nervous  system.  As  a 
result  of  learning  certain  neural  connections  tend  to 
transmit  impulses  more  readily  than  other  possible  connec- 
tions. One  of  the  main  characteristics  of  this  theory  is 
its  laws  of  learning.  These  describe  the  probable  effects  on 
the  bonds  under  varying  conditions. 

J2l§S2E£-**“This  theory  looks  at  learning  in  this 

manner:  "All  learning  . . . is  a redistribution  of  energy  in 

different  patterns  than  those  which  existed  before  an 

identifiable  process  of  modifiability  occurred."®  Learning 

is  seen  to  be  something  more  than  just  a building-up  process. 

...  it  also  involves  stages  where  something  like 
'tearing-down'  occurs.  These  processes  are  not  to 
be  construed  as  literally  opposed  to  each  other  or 
as  representing  wholly  distinct  mental  activities; 
they  occur  more  or  less  simultaneously  in  the  same 


5 Ibid. 

° George  W . Hartmann,  "The  Field  Theory  of  Learning 
and  Its  .Educational  Consequences,"  !&§  £sy eulogy  jjtf 
The  Forty-First  Yearbook  of  the  National  Society  for  the  Study 
of  Education,  II  (Bloomington,  111:  Public  School  Publishing 
Co.,  1942),  p.  190. 
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concrete  situation  and  should  be  viewed  as  com- 
plementary phases  of  the  more  fundamental  processes 
of  growth  and  maturation./  • 

Lewin,  writing  in  this  section  of  the  Society's 
Yearbook,  goes  on  to  say, 

Within  what  is  called  learning,  we  have  to  dis- 
tinguish at  least  the  following  types  of  changes: 

(1)  learning  as  a change  in  cognitive  structure 
(knowledge),  (2)  learning  as  a change  in  motivation 
(learning  to  like  or  dislike),  (3)  learning  as  a 
change  in  group  belongingness  or  ideology  (this  is 
an  important  aspect  of  growing  into  a culture),  (4) 
learning  in  the  meaning  of  voluntary  control  of  the 
body  musculature  (this  is  one  important  aspect  of 
acquiring  skills,  such  as  speech  and  self-control).® 

Reconciliation  of  Theories 
At  first  glance  it  may  seem  that  the  only  common 
ground  for  these  three  theories  is  that  behavior  is  involved. 
Actually,  they  are  not  as  divergent  as  they  appear. 

Frequently  differences  arise  because  the  researcher  is 
"looking*  for  parts  or  is  "looking"  for  wholes.  Because 

many  of  the  differences  seem  to  be  of  degree  rather  than  of 

* 

kind,  McConnell  notes  a series  of  actual  similarities  among 
the  three  systems.* 8 9 


^Ibjd. f pp.  199-200. 
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111.:  Public  School  Publishing  Co.,  1942),  p.  220. 
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It  might  be  expected  at  this  juncture  that  some 

grand,  Newtonian- like  synthesis  of  these  theories  should  be 

developed.  There  certainly  seems  to  be  enough  ground  common 

to  these  theories  to  provide  a basis  for  the  establishment 

of  one  theory  that  would  show  a continuum  upon  which  could 

be  spotted  the  various  emphases  corresponding  to  Conditioning, 

Connect ionism,  and  Field  Theory.  Unfortunately,  the 

10' 

synthesis  has  not  yet  materialized. 

Donald  Snygg  has  made  some  rather  sharp  remarks 

along  this  line. 

...  after  50  years  of  careful  and  honest  and  oc- 
casionally brilliant  research  on  the  nature  of  learning, 
the  only  people  who  can  be  proved  to  have  received  any 
practical  benefits  from  learning  theory  are  the  learning 
theorists  themselves.  The  very  inconclusiveness  and 
complicated  nature  of  our  current  learning  theories, 
which  xaake  them  useless  to  applied  workers,  have  proved 
to  be  occupational  assets  to  the  learning  specialists. 
They  can,  if  they  wish,  make  rather  good  professional 
careers  out  of  attacking  the  weak  points  in  one  another's 
theories,  much  like  the  shipwrecked  Scotsmen  who  made 
a good  living  by  taking  in  one  another's  washing. H 


10Cf.  U.  S.,  Bureau  of  Naval  Personnel,  Personnel 
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Howard  F.  Fehr,  "Theories  of  Learning,"  Learning 
Mskitaatics,  The  Twenty;-First  Yearbook  of  the  National 
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Snygg  and  CombsA*  offer  a solution  to  the  apparent 
impasse,  not  only  in  learning  theory,  but  also  in  psychology. 
They  note  that  all  of  psychology  utilizes  an  external  approach 
to  the  study  of  human  behavior.  That  is,  the  behavior  is 
observed  and  recorded  in  terms  of  the  observer's  viewpoint. 
Though  this  frame  of  reference  has  been  tremendously  helpful 
in  bringing  psychology  up  to  its  present  state  of  being, 
there  is  a need  now  for  a different  frame  of  reference.  The 
external  approach  has  derived  much  information  about  the 
normal,  average,  or  typical  individual.  But  this  is  its 
limit.  It  cannot,  with  any  great  assurance  of  success, 
predict  what  a particular  person  will  do.  Snygg  and  Combs 
suggest  shifting  the  frame  of  reference  to  ".  . . the  point 
of  view  of  the  behaver  himself. *13  This  they  call  the 
phenomenological  or  personal  approach. 

Their  prime  postulate  is  that  "all  behavior,  without 
exception,  is  completely  determined  by  and  pertinent  to  the 
phenomenal  field  of  the  behaving  organism. "14  The  phenomenal 
field  includes  everything  experienced  by  the  individual  at 
the  instant  of  action.  This  field  is  different  for  each 
individual.  Yet  there  are  common  elements  and  it  is  through 
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these  common  elements  that  communication  takes  place.  Not 
all  parts  of  the  field  are  equally  distinct.  Some  parts  are 
in  sharp  focus,  other  parts  are  rather  hazy  or  blurred.  The 
parts  in  focus  are  referred  to  as  the  figure,  the  remainder 
as  the  ground.  Figures  change  in  size  and  extent  of  dif- 
ferentiation. 

Since  precision  in  behavior  can  only  result  from 
precision  of  figure,  it  is  this  emergence  into  figure 
which  is  the  phenomenological  cause  of  more  effective 
behavior,  that  is,  of  learning.  Learning  may,  there- 
fore ...  be  considered  a process  of  increasing 
differentiation  of  the  field. J-5 

It  is  evident  that  a precise  description  of  learning 
is  not  possible  for  three  reasons.  First,  there  is  no 
generally  accepted  philosophical  basis  for  the  process  of 
learning.  Second,  no  learning  theory  is  as  yet  able  to 
describe  adequately  all  types  of  learning.  Third,  there 
is  disagreement  as  to  the  starting  point  or  frame  of  reference 
to  use  in  studying  learning. 

Factors  Which  Influence  Learning 

2h§  Individual.— The  first  factor  is  the  individual 
himself.  Obviously,  learning  is  going  to  be  influenced  by  the 
native  endowment  of  the  person. 

Balfltfonghjp  the  Individual  ±2  Other  Persons.— The 
second  factor  is  the  relationship  of  the  individual  to 
other  persons.  Included  here  would  be  the  ideas  of  motivation 

l5Ibid. . pp.  37-38. 


and  psycho- socio- climate.  Motivation  is  usually  broken 
down  into  two  component  aspects:  (1)  intrinsic  motivation 
wherein  the  directing  force  of  an  individual  to  pursue 
a line  of  thought  or  action  is  derived  from  some  inner 
source,  and  (2)  extrinsic  motivation  wherein  the  directing 
force  is  derived  from  some  source  external  to  the  individual. 


The  psycho- socio- climate  is  an  important  factor  in 
Ifi 

learning. 
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Sslatianship  si  iM  lasUyidufll  Is  J&s  Physical 
En v ir onmen t . — The  third  factor  is  the  relationship  of  the 
individual  with  the  physical  environment.  This  area  includes 
such  points  as  adequate  heating,  lighting,  and  ventilation; 
pleasant  surroundings;  and  flexible  furnishings.* 7,18,19 

Conclusions  About  Learning 

The  process  of  learning  consists  of  several  inter- 
related aspects.  The  quality  of  learning  will  depend  upon 
the  strengths  of  these  aspects.  These  aspects  are  as 
follows: 

Motivation.— There  must  be  a desire  on  the  part  of  the 
individual  to  learn.  This  may  be  expressed  as  a felt  need— a 
situation  which  calls  for  some  form  of  altered  behavior 
whether  the  person  can  verbalize  it  or  not.  Without  this 
motivating  force  there  is  no  reason  to  behave  any  differently 
than  in  the  past.  The  motivating  force  may  be  intrinsic— i.e. 


Pupil  Behavior , " Jamal  Si  SSSSUdmitiaL  Education.  VIII 
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Retention, " J.Qmi  si  Psychology.  Ill 

(October,  1920),  319-333. 

1® Lewis  M.  Terman  and  John  C.  Alrnack,  The  Hygiene 
Si  ±hs  g.shaffil  Child  (Boston:  Houghton-Mifflin  Co.,  1929). 
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curiosity,  imitativeness,  or  interest.  It  may  be  extrinsic— 
i.e.  rewards  and  punishments.  Whether  it  is  intrinsic, 
extrinsic,  or  some  combination  of  the  two,  motivation  is 
necessary  to  initiate  action  toward  that  which  is  called 
learning.  Ordinarily  better  learning  occurs  with  the 
intrinsic  form  of  motivation. 

.—Achievement  of  the  desired  end  relieves  the 
need  and  subdues  the  motivating  force.  Actually,  this 
aspect  comes  into  existence  along  with  the  motivating  force. 
When  the  felt  need  arises  there  also  pops  into  being  an  end 
which,  if  attained,  will  satisfy  the  need.  Sometimes  the 
end  is  not  readily  apparent  to  the  individual.  If  this  is 
the  case,  then  there  is  likely  to  be  behavior  of  a rather 
random  sort.  The  more  clearly  an  individual  perceives  his 
goals  the  better  oriented  his  actions  will  be. 

Achievement  of  Goal.— In  order  to  achieve  the  desired 
end  it  is  necessary  for  the  individual  to  move  from  the 
realm  of  the  known  (to  him)  into  the  realm  of  the  unknown. 

If  he  knew  exactly  how  to  get  to  his  goal  then  there  would 
be  no  learning.  The  needed  sequence  of  activities  would 
have  been  learned  earlier  and  he  would  merely  be  repeating 
an  established  behavior  pattern.  It  is  when  the  already 
acquired  patterns  fail  and  the  development  of  a new  pattern 
is  required  that  learning  takes  place.  And  this  means, 
for  the  individual,  movement  into  the  unknown. 
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CMtacteiiaUcff  $1  ite  lasiiziabial.— For  learning, 
there  are  three  characteristics  of  an  individual  which  will 
directly  influence  the  effectiveness  of  his  goal- seeking 
movement.  First  is  the  person's  capacity  for  comprehension. 
If  the  goal  sought  calls  for  a degree  of  comprehension  which 
is  beyond  the  native  endowment  of  the  individual,  then 
obviously  the  goal  will  not  be  reached.  For  him  the  felt 
need  may  be  removed  by  bringing  him  to  an  awareness  of  his 
limitations.  Second  is  reasoning  ability.  The  more  one  can 
draw  inferences  the  greater  will  be  his  comprehension  and 
thus  the  greater  the  quality  of  learning.  Third  is  past 
experience.  An  individual  with  a large  variety  of  background 
information  is  far  more  likely  to  conduct  his  goal- seeking 
movements  effectively  than  one  whose  background  is 
restricted. 

Suitable  GanflUlana  lax  Learning.— This  aspect  may  be 
divided  into  two  parts.  First  would  be  the  conditions 
internal  to  the  individual.  Suitable  internal  conditions 
for  learning  means  simply  that  the  person  is  in  good  physical 
health  and  that  there  is  nothing  organically  wrong  with  him 
which  would  impair  his  effectiveness  in  pursuing  goal- 
seeking behavior.  This  would  include  also  the  absence  of 
external  environmental  conditions  which  would  produce 
physical  discomfiture.  Suitable  external  conditions  means 
that  there  is  nothing  in  his  external  environment  which 
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would  prevent  the  accomplishment  of  the  best  goal-directed 
movement.  If  the  goal  to  be  achieved  requires  the  perusal 
of  a certain  book,  then  that  book  should  be  available.  Of 
course,  there  are  times  when  the  most  effective  goal-directed 
movement  of  one  individual  means  some  sort  of  harm  to  another. 

. . • . B ^ . i • i , • >»  • « 

Social  disapproval  of  certain  motions  makes  it  necessary  to 
find  other,  probably  more  circuitous,  motions  which  do  have 
the  sanction  of  society. 

. - ■ yT  . . . . i ■ • I * " . ...  { .... 

Conclusions.— Certain  conclusions  may  be  drawn  from 
the  foregoing  for  the  benefit  of  the  classroom. ^ 

1.  The  classroom  activities  should  be  conducted  in 
such  a manner  as  to  stimulate  the  students. 

* ■ • . . t > . ■ — ■ . . • ....  I . . « . * • 1 

2.  The  student  should  be  helped  to  perceive  his 
goals  clearly. 

3.  The  instructor  should  determine  the  level  of  the 
students  at  the  beginning  of  classes  and  proceed  from  there. 

4.  The  instructor  should  determine  the  capacities 
of  the  students  and  provide  for  individual  differences. 

5.  Within  the  limits  of  his  control,  the  instructor 
should  provide  optimum  physical  conditions  for  learning. 


20Cf.  David  G.  Ryans,  "Motivation  in  Learning," 
£gyqhs,lpqy  isaiainq.  The  Forty-First  Yearbook  of  the 
National  Society  for  the  Study  of  Education,  Part  II 
(Bloomington,  111.:  Public  School  Publishing  Co.,  1942), 
324-326. 
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frfojftodB  &£  lagtottUan 

Types 

The  patterns  of  instruction  employed  affect  the 
learning  that  takes  place- -constructively  it  is  hoped,  though 
definitely  not  assured.  Some  of  the  patterns  are  used  as  a 


matter  of  tradition  while  others  have  been  employed  as  a 
result  of  research.  Different  sources  vary  as  to  the  number 
of  patterns  that  do  exist. 2*' 22  The  patterns  which  seem  to 


be  used  most  at  the  college  level  are  lecture,  discussion, 
laboratory,  student  reports,  and  recitation.  These  methods 
are  defined  as  follows: 

Formal  lecture:  An  uninterrupted  verbal  presentation 
by  an  instructor. 

Informal  lecture:  A conversational  presentation 
interspersed  with  questions,  comments,  and  brief 
discussions. 

Discussion:  An  extended  exchange  of  ideas  actively 
stimulated  by  several  individuals  followed  by 
group  discussion. 

Laboratory:  Student  application,  manipulation, 

practice,  research,  investigation,  or  experimental 
work  in  a laboratory,  workshop,  or  other  practical 
situation. 

Student  reports:  A verbal  presentation  by  a student 
after  special  study  of  a problem  or  subject. 23 


21 

Lindley  J.  Stiles,  3tephen  M.  Corey,  and  Walter 
S.  Monroe,  "Methods  of  Teaching,"  jfoqgslaBg&a  <a£ 

Research,  ed.  Walter  S.  Monroe,  1st  ed.  rev.  (1950), 747-748. 

22J.  G.  Umstattd,  PlgcednrS.?  &£  Iks 

College  Level  (Austin,  Texas:  University  of  Texas  Press, 
1947). 


23 Ibid.,  p.  30. 
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Recitation  m ay  be  defined  as  a teacher-directed  activity  in 
which  the  student  answers  specific,  short-answer  questions 
asked  by  the  teacher. 

Relation  to  Learning 

as  implied  above  in  the  discussion  of  learning,  the 
process  of  learning  is  an  active  phenomenon,  not  passive. 

It  is  the  movement  from  the  known  to  the  unknown.  It  is 
the  peculiar  property  of  the  individual.  He  must  feel  the 
need,  he  must  make  the  passage,  he  must  be  involved,  a 
criterion  for  judging  instructional  methods  then  could  be  the 
extent  to  which  they  draw  the  student  into  the  goal-defined 
milieu. 

The  lecture  method  has  certain  claimed  advantages, 
such  as  covering  large  amounts  of  material,  permitting  a 
synthesis  of  many  books  and  articles,  providing  information 
not  readily  available  elsewhere,  and  being  stimulating  or 
even  inspiring  and  thus  motivating  the  student.  The  first 
so-called  advantage  can  be  defended  only  in  a minority  of 
cases;  the  last  obviously  depends  strictly  upon  the 
individual  lecturer.  For  some  this  last  may  be  true.  But 
against  all  of  the  advantages  lies  the  criticism  that,  in 
general,  the  student  is  involved  minimally,  and  the  number 
of  students  so  involved  who  can  profit  from  the  presentation 
is  rather  restricted. ^ Some  of  the  sharpness  of  this 

Steen  and  £•  T.  James,  "Lecture-Demonstration 
Sf  5achin^*  Journal.  XII  (October, 

J,  3w"a/  i 
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criticism  may  be  removed  through  the  use  of  the  informal 
lecture. 

The  discussion  method  provides  a means  to  allow  a 
good  deal  of  student  interaction.  It  is  in  this  method  that 
a full  exchange  of  ideas  may  take  place,  and  that  the 
student  is  forced  to  think  through  material  in  his  own  terras 
so  as  to  have  adequate  grounds  for  defense  of  a motion. 

The  lecture  may  be  useful  in  conveying  infor- 
mation not  to  be  found  in  print  and  in  providing  ex- 
citement and  stimulus  for  the  study  of  a subject,  but 
in  the  education  of  the  judgment  it  must  yield  to  the 
method  of  class  discussion,  where  the  student  is 
obliged  to  engage  actively  in  formulating  a position, 
giving  cogent  reasons  for  it,  and  defending  it 
against  objection. 25 

Studies  have  shown  the  increased  effectiveness  of  the 
discussion  method  over  the  formal  lecture  insofar  as 
meaningful  learning  is  concerned.  ' However,  it  may  be 
pointed  out  that  the  need  for  the  employment  of  the  discussion 
method  is  not  only  to  improve  the  quality  of  learning  but 
also  to  foster  growth  in  democratic  principles.  Democracy 


^ ^Clarence  H.  Faust,  "The  Problem  of  General  Educa- 
tion,* Hie  Idea  c uH  Pragj.i,se  of  general  (Chicago: 
University  of  Chicago  Press,  1950),  p.  3. 

2^Jacob  Levine  and  John  Butler,  "Lecture  vs.  Group 
Decision  in  Changing  Behavior,"  Group  Dynamics,  ed.  Dorwin 
Cartwright  and  Alvin  Zander  (Evanston,  111.:  Row,  Peterson 
and  Co.,  1953),  280-286. 

27 

Ray  H.  Simpson  and  E.  S.  Brown,  LsaXAfnfl 
and  Teaching  (Urbana,  111.:  University  of  Illinois,  1952), 
57. 
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places  top  value  on  the  individual,  his  rights,  responsi- 
bilities, worth,  and  dignity.  The  group  process  of  discus- 
sion caters  to  these  democratic  ideals  far  more  than  the 
authoritative  process  of  the  formal  lecture.  Thus  the 
method  of  discussion  aids  an  individual  to  grow  both  in 
increased  learnings  and  understandings  and  in  the  development 
of  satisfactory  human  relations. 

*/hereas  the  discussion  method  has  merit  for  learning 
and  interpersonal  relationships,  it  has  limitations  also. 
Administratively,  the  amount  of  material  which  may  be 
covered  adequately  by  the  discussion  method  is  relatively 
small.  Furthermore,  in  order  to  have  a significant  discus- 
sion session  it  is  necessary  for  the  students  to  have  some 
background  in  the  mater ial.2^'29 

The  laboratory  may  be  used  fruitfully  to  involve 
students  directly  in  learning  situations,  although  subject 
to  the  limitations  of  the  discussion  method  it  has  the 
advantage  of  being  adjustable  to  individual  differences. 

Student  reports  may  be  recognized  as  another  means 
for  directly  involving  a student  in  a learning  situation  and 
at  the  same  time  allowing  for  individual  differences. 

Though  certain  learnings  will  accrue  from  the  development  of 

28tf.  E.  Utterback,  £z£up  linking  (New  York: 

Rinehart  and  Co.,  Inc.,  1950),  chap.  ii. 

29Umstattd.  pp.  cit..  p.  32. 
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the  report,  it  may  easily  be  sterile  if  no  follow-up  activity 
is  pursued. 

Recitation— as  a straight  question-and-answer  game- 
may  or  may  not  be  beneficial  to  the  learner.  Possibly,  for 
a short  period  of  time  this  method  could  be  helpful  in  that 
it  could  be  used  to  have  a student  take  a stand  of  some 
sort  on  a given  topic.  Over  a lengthy  period  of  time,  however, 
this  method  has  the  disadvantage  of  permitting  limited 
activity  only. 

If  each  of  the  foregoing  methods  is  examined  in  light 
of  the  learning  process  it  will  become  apparent  that  definite 
conclusions  are  virtually  impossible  to  make.  Any  thinking 
instructor  can  adjust  the  physical  environment  to  the 
optimum  conditions  available.  And  inspirational  lecturers 
can  induce  students  to  learn  more  than  a mediocre  discussion 
leader  can.  There  is  no  one  best  pattern  of  instruction  for 
every  teacher  in  every  situation.  However,  methods  which 
directly  involve  the  student  in  a learning  situation  should 
be  the  preferred  methods. 

Summary 

To  have  hope  of  producing  significant  learning  there 
are  several  points  about  the  process  of  learning  that  should 
be  held  in  mind  by  the  instructor.  These  are  as  follows: 
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1.  The  classroom  activities  should  be  conducted  in 
such  a manner  as  to  stimulate  the  students. 

2.  The  student  should  be  helped  to  perceive  his 
goals  clearly. 

3.  The  instructor  should  determine  the  level  of  the 
students  at  the  beginning  of  classes  and  proceed  from  there. 

4.  The  instructor  should  determine  the  capacities  of 
the  students  and  provide  for  individual  differences. 

5.  tfithin  the  limits  of  his  control,  the  instructor 
should  provide  optimum  physical  conditions  for  learning. 

Since  learning  is  an  active  process  peculiar  to  the 
individual,  a criterion  for  estimating  the  suitability  of 
an  instructional  method  is  the  extent  to  which  it  causes  the 
student  to  participate  in  the  goal-directed  activities.  As 
judged  by  this  criterion,  the  discussion  method,  the 
laboratory  method,  and  the  student- report  method  should  be 
emphasized. 


CHAPTER  IV 


PROPOSED  C-22d  CURRICULUM 

In  establishing  a proposed  curriculum  it  was 
necessary  to  delineate  a number  of  facets.  The  first  of  these 
was  the  goal  to  be  sought- -what  was  hoped  to  be  accomplished 
by  the  course.  Second,  the  content  of  the  course  was 
determined.  Third,  the  methods  of  instruction  to  be  utilized 
were  ascertained,  including  some  statement  as  to  how  they 
fit  into  the  scheme  of  the  course.  Fourth,  evaluation. 

By  what  means  was  progress  toward  the  objectives  actually 
measured?  And  fifth,  a description  of  the  kinds  of  class- 
room activities  that  should  take  place,  and  how  frequently  they 
should  occur. 

It  was  brought  out  in  Chapter  II  that  a general 
education  science  course  could  contribute  peculiarly  well  to 
the  following  attributes  of  an  individual: 

1.  Appreciation  of  the  culture  and  its  antecedency. 

2.  Comprehension  of  the  physical  environment  and  its 
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influence 
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3.  Utilization  of  processes  of  rational  thought. 

The  objectives  for  C-22d  were  selected  with  these  attributes 
in  mind. 

To  Develop  a Positive  Attitude  Toward 
the  Nature  of  Science 

This  objective  was  selected  as  a contributor  toward 
attribute  number  one  above.  Science  plays  an  important  role 
in  American  culture  today.  Developing  the  correct  perspec- 
tive of  science  will  aid  in  the  formulation  of  an 
understanding  of  that  culture.  There  are  many  misconceptions 
about  science--not  a few  of  which  have  been  fostered  by  the 
medium  of  advertising.  Also,  many  people  come  into  contact 
with  only  the  tangible  phases  of  science— the  results  of 
applied  science.  They  have  little  or  no  idea  of  the  role  of 
pure  science.  For  these  reasons  the  following  points  were 
set-up  to  exhibit  more  clearly  what  was  meant  by  the  nature 
of  science. 

Science  As  a Human  <wttY.itoc»*"None  of  the  laws, 
theories,  or  principles  of  science  have  come  about  as  the 
result  of  a revelation  from  some  supernatural  being. 

Science  is  man-made,  and  as  such  is  subject  to  all  human 
characteristics.  Faulty  reasoning,  mistakes  in  observation, 
stubborness  to  admit  errors,  faith  in  an  idea  with  little 
concrete  evidence  for  support,  persistency,  discouragement— 
human  characteristics  all,  and  all  are  connected  with  science. 
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J2a§  Msit&gjs  gffisasa  £12  Maox*— It  is  impossible 
to  set  forth  a list  of  specific  steps  to  follow  for  the 

solution  of  any  problem.  Methods  must  be  adapted  to  the 
situation.  It  has  been  said  that  a particular  scientific 
method  is  the  result  of  an  3 posteriori  process,  that  is, 
the  scientist  himself  isn't  sure  of  the  method  used  until  he 
concludes  his  particular  problem.  There  is  more  general 
agreement  on  the  characteristics  of  scientific  methods.  They 
are 

...  fallible,  self-corrective,  and  progressive  rather 
than  infallible  and  conservative;  probable  rather  than 
necessary;  sceptical  rather  than  dogmatic;  public 
rather  than  private;  and  both  empirical  and  rational- 
istic.! 

Science  is  Dynamic. — It  is  in  a process  of  continual 
change  that  science  finds  itself.  Just  as  the  methods  of 
science  are  fallible,  self-corrective,  and  progressive  so  is 
the  basic  nature  of  science  itself.  Today's  truths  may 
become  tomorrow's  fallacies.  As  man  increases  his  grasp  of 
the  interrelationships  of  nature  he  finds  older  explanations 
no  longer  suitable.  At  first  modifications  of  the  existing 
accepted  explanation  are  attempted.  If  the  modifications  do 
not  fill  the  gaps,  then  a new  explanation  is  in  order. 

SSifSI&a  has  UmitaUgaP.— Following  from  the  dynamic 
nature  of  science  it  is  evident  that  science  does  not  have 

^■R.  H.  Lampkin,  "Scientific  Inquiry  for  Science 
Teachers."  Science  Education.  XXXV  (February,  1951),  17-39. 
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all  of  the  answers.  Manifold  are  the  problems  which  science 
hasn't  answered,  may  never  answer.  Not  only  are  there 
limitations  with  respect  to  equipment  and  instruments  but 
also  there  are  limitations  imposed  by  the  fact  that  science 
is  a human  activity. 

Ss-isags  M iieeUsd.— Pure  science  is  that 

human  endeavor  which  strives  to  find  cause- and- effect  rela- 
tionships in  nature  for  the  sole  purpose  of  advancing  man's 
knowledge  of  his  environment.  Applied  science  is  concerned 
with  the  applications  of  various  cause- and- effect  relationships 
to  living  conditions.  Sometimes  these  applications  are  for 
the  betterment  of  conditions,  sometimes  not.  Both  pure  and 
applied  science  are  important,  both  are  needed.  In  the 
present  age  of  gadgetry,  however,  the  values  of  pure  science 
are  sometimes  overlooked. 

To  Develop  an  Understanding  of  Some 
Common  Phenomena 

Attribute  number  two  above  indicates  the  reason  for 
the  selection  of  this  objective.  Increased  understanding  of 
the  phenomena  of  the  environment  will  lead  not  only  to  in- 
creased control  over  that  environment  but  also  to  a broaden- 
ing of  the  individual's  perspective. 
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To  Develop  the  Use  of  Reasoning 

This  objective  lines  up  with  attribute  number  three 
above.  It  was  pointed  out  in  Chapter  III  that  one  of  the 
influential  individual  characteristics  in  the  process  of 
learning  is  reasoning  ability.  If  this  ability  i3  enhanced 
then  the  individual  will  be  able  to  learn  better,  that  is, 
the  goal- seeking  behavior  will  be  more  effective.  Frequently, 
increased  understandings  come  about  through  the  process  of 
inferenciation. 

The  first  semester  of  the  general  education  physical 
science  course  at  the  University  of  Florida  emphasizes  the 
second  and  third  objectives  above.  Therefore,  in  order  to 
produce  a balanced  situation,  it  was  decided  that  C-22d 
would  emphasize  the  first  objective.  The  other  two  were  not 
discarded  but  relegated  to  a secondary  position. 

Text 

The  bulk  of  the  content  of  the  course  was  similar  to 
that  of  any  one  semester  course  in  descriptive  astronomy. 

The  textbook2  used  supplied  the  factual  data  and  the  order  of 
the  sequence  of  topics.  It  began  with  a discussion  of  the 


2tf.  T.  Skilling  and  R.  S.  Richardson,  & Brief  Text 
in  Astronomy  (New  York:  Henry  Holt  and  Co.,  1954). 
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tools  of  the  astronomer.  It  then  took  up  the  place  of  the 
earth  in  astronomy  and  moved  outward  in  space.  After  the 
earth  came  considerations,  in  this  order,  of  the  solar 
system,  the  nearby  stars,  the  Milky  Way,  and  the  extra- 
galactic  nebulae.  This  was  a sequence  based  on  the  idea  of 
moving  from  the  known,  near- at- hand  environment  out  to  the 
unknown,  distant  environment. 

Syllabus 

A syllabus  was  devised  to  accompany  the  text.  The 
syllabus  contained  multiple- choice  objective- type  questions 
and  open-ended  discussion  questions  covering  the  material  of 
each  chapter  of  the  text.  The  function  of  the  multiple- 
choice  questions  was  twofold.  First,  it  provided  a student 
with  a means  for  checking  his  understanding  of  the  material 
of  the  chapter.  Usually  not  more  than  half  of  these  questions 
could  be  answered  by  merely  looking  in  the  book— the  remainder 
called  for  the  employment,  on  the  part  of  the  student, 
of  factual  information  and  principles  in  such  a fashion  as 
to  derive  valid  inferences.  The  second  function  of  these 
objective- type  questions  was  to  give  the  student  practice  in 
working  this  kind  of  question.  Under  the  existing  exami- 
nation facilities  all  departmental  tests  were  machine- scored 
multiple- choice  question  examinations.  C-22d  is  a freshman 
course.  It  was  felt  that  the  student  should  not  be  penalized 
on  tests  simply  because  he  is  unfamiliar  with  the  test  form. 
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The  discussion  questions  were  included  for  purposes 
of  structuring  the  discussion  periods,  described  below,  should 
the  instructor  feel  the  need  for  such  assistance. 

Supplementary  Material 

Supplementary  content  was  presented  in  the  form  of 
excerpts  of  original  writings  with  footnotes,  brief  explana- 
tory text,  and  references.  These  writings  were  centered  about 
two  themes  in  astronomy.  The  first  was  the  question  of  the 
nature  of  the  solar  system.  For  this  question  excerpts  were 
taken  from  Ptolemy,  Copernicus,  and  Galileo.  The  second 
question  was  concerned  with  the  means  of  measuring  distances 
to  extragalactic  nebulae.  Since  this  was  a modern,  on-going 
problem,  the  excerpts  were  from  contemporary  writings— those 

* f 

of  Shapley,  Curtis,  Hubble,  and  Aller.  Through  an  analysis 
of  these  writings  the  student  should  come  to  understand  the 
development  of  ideas  relative  to  the  question  and,  furthermore, 
begin  to  appreciate  the  nature  of  science  as  they  examine  a 
portion  of  its  growth.  The  historical  approach  using 
original  writings  was  not  a new  technique,  but  was  one  which 
seemed  to  be  well  suited  for  the  achievement  of  the  goals 
of  general  education. ^ 

Cf.  L.  «T.  Taylor,  "Science  in  General  Education  at 
the  College  Level,"  S.slencg  Education.  XXIV  (October,  1940), 
241-249. 

R.  J.  Stephenson,  "Physical  Science  Courses  for 
Liberal  Arts  Students,"  J.PVUaal  Stl  Physics.  XII 

(August,  1944),  225-227. 
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Ifethoflg  Inata\wU<?n 

In  the  past  C-22d  classes  have  been  conducted  with 
the  informal  lecture  and  recitation  as  the  predominant  methods 
used.  To  a lesser  degree  a form  of  the  laboratory  has  been 
used— namely  observing  sessions  wherein  the  student  had  an 
opportunity  to  view  the  heavens  through  a small  telescope. 
Demonstrations  were  also  used  to  a slight  extent.  The 
discussion  method  occupied  little  or  no  place  in  the  course. 
Keeping  in  mind  the  information  of  Chapter  III,  the  following 
methods  of  instruction  were  proposed  for  C-22d« 

Informal  Lecture 

This  method  could  be  used  effectively  to  a certain 
extent  because  the  size  of  the  classes  in  C-22d  seldom 
exceeded  thirty  in  number.  However,  it  was  not  anticipated 
that  this  method  would  be  used  to  any  great  extent.  Its  use, 
probably,  would  be  restricted  to  such  occasions  as  the 
introduction  of  a new,  fairly  difficult  concept  or  a 
demonstration  which  called  for  the  use  of  some  complicated 


c 4 * Harvard  University , JdttsatAiffl  U A Zl&k 

-‘T&.S.jety  (Cambridge,  Mass.:  Harvard  University  Press,  1947), 

C.  C.  Clark,  "College  Physical  Science  Courses  in 
General  Education,"  XVII 

(May,  1949),  257-269. 

_ , I-  B.  Cohen  and  F.  G.  Batson  (ed.), 

£du.gat.ic>n  In  Science  (Cambridge,  Mass.:  Harvard  University 
Press,  1952). 
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apparatus.  For  example,  the  initial  planetarium  demonstra- 
tion and  the  demonstration  of  spectra  found  this  method 

employed. 

Recitation 

It  was  felt  that  there  would  be  times  when,  for  a 
few  minutes,  this  method  could  be  employed  fruitfully.  It 
could  be  used  initially  to  activate  a class  and  at  the  same 
time  bring  out  the  main  points  of  the  lesson.  It  could  be 

t 

used  as  a means  of  obtaining  a summary  of  the  main  points  of 
the  topic  under  consideration.  In  any  case,  it  was  not  felt 
that  the  recitation  method  should  be  discarded  simply  because 
of  its  misuse  at  other  times  and  other  places.  It  was 
expected  that  this  method  would  find  its  greatest  usage  in 
connection  with  the  mulitple- choice  syllabus  questions. 

Discussion 

It  was  hoped  that  this  would  be  the  predominant 
method.  It  was  felt  that  emphasis  on  the  discussion  method 
would  produce  better  results  than  if  it  were  ignored.  By 
better  results  was  meant  the  more  complete  the  achievement 
of  the  objectives.  Discussion  could  be  used  with  either  of 
the  methods  noted  above.  The  opportunity  for  some  discussion 
to  take  place  is  what  distinguishes  the  informal  lecture  from 
the  formal  lecture.  Recitation  may  easily  be  used  as  a 
starter  for  discussion.  It  was  proposed  that  this  method 
be  utilized  in  connection  with  all  aspects  of  the  course. 
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However,  certain  limitations  were  imposed  upon  the  amount  of 
discussion  possible.  First  there  had  to  be  some  grounding 
in  fact  or  theory  to  give  substance  to  an  opinion.  Second, 
tradition  pointed  its  finger  and  restricted  the  total 
amount  of  time  which  could  be  used  for  discussion.  C-22d 
had  not  had  such  before.  Therefore,  any  change  had  to  be 
moderate.  Administrative  forces  balk  at  anything  but 
moderate  change.  Students  develop  a tendency  to  "scout"  a 
course  ahead  of  time  and  some  cry  loudly  when  the  course  is 
very  much  different  than  it  was  in  the  past.  Instructors 
themselves  often  are  reluctant  to  deviate  very  much  from  the 
known  path.  Therefore,  the  amount  of  time  allotted  for 
out-and-out  discussion  during  the  first  offering  of  the 
proposed  curriculum  was  relatively  small. 

Laboratory 

This  method  would  exhibit  itself  primarily  in  the 
form  of  observing  sessions  at  which  time  the  student  could 
observe  celestial  phenomena  discussed  in  the  course.  The 
physical  facilities  available  for  telescopic  viewing  were 
relatively  poor.  There  was  but  one  six- inch  refracting 
telescope  in  use.  It  had  no  clock-drive  mechanism  so  that 
manual  adjustments  had  to  be  made  every  minute  or  so  to 
keep  the  celestial  object  in  view.  Because  of  these  limita- 
tions it  was  not  expected  that  the  laboratory  method  would 
be  nearly  as  effective  as  it  could  be.  In  an  effort  to 
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compensate  for  these  difficulties,  it  was  planned  to  have 
numerous  observing  sessions  plus  discussions  of  naked-eye 
observations  during  the  sessions.  In  this  fashion  the  student 
could  come  to  obtain  a fairly  good  orientation  with  the 
heavens  about  him  though  he  was  able  to  observe  objects 
telescopically  for  but  a relatively  few  moments. 

SxalMXXm 

The  process  of  evaluation  involved  various  techniques. 
One  of  these  was  the  departmental  tests.  These  tests  in- 
cluded two  one-hour  progress  tests  and  one  three-hour  final 
examination.  They  were  objective  in  nature  and  restricted 
to  the  five  alternate  choices  sort.  That  is,  for  each 
question,  five  answers  were  given — one  correct,  the  other 
four  false.  This  form  was  necessitated  by  the  current 
policies  relative  to  the  administration  of  departmental 
examinations  for  C-22d.  About  two-thirds  of  the  questions 
were  informational  in  nature,  the  other  third  were  reasoning- 
type  questions.  Therefore,  these  tests  yielded  a measure 
of  factual  information  and  reasoning  ability.  But  since 
these  tests  were  absolute  in  nature,  that  is,  gave  no 
indication  of  gain,  and  did  not  touch  upon  the  primary 
objective  of  the  course,  other  tests  were  devised  to  measure 
these  untouched  quantities. 
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First,  to  measure  the  gain  in  information,  two 
comparable  forms  of  a short  test  were  devised  (Astronomy 
Information  Test)  to  sample  this  property  at  the  beginning 
and  at  the  end  of  the  course.  The  procedures  followed  in 
establishing  this  test  along  with  the  areas  of  information 
sampled  may  be  found  in  Appendix  A.  Second,  to  measure  any 
change  in  attitude  toward  the  nature  of  science,  two  forms  of 
an  opinion  scale  (Opinions  About  Science)  were  developed. 

Form  A was  given  during  the  first  week  of  school  and  Form  B 
during  the  last  week.  The  procedures  followed  in  developing  • 
this  scale  are  recorded  in  Appendix  B. 

Other  evaluative  procedures  included  the  use  of  a 
questionnaire  and  the  recording  of  classroom  observations. 

The  questionnaire  was  designed  to  elicit  student  reactions 
to  various  aspects  of  the  course.  Classroom  observations 
were  used  to  obtain  some  measure  of  the  actual  amount  and 
quality  of  discussion.  A locally  devised  scale  was  used  to 
obtain  a measure  of  the  quality  of  discussion.  This  was  a 
five  point  scale  which  ranged  from  a score  of  one  (no 
response)  through  five  (a  completely  logical  statement  based 
on  accepted  premises). 

&ndg  &£  Activities 

There  were  approximately  forty- three  class  periods 
during  the  semester.  Five  kinds  of  classroom  periods  were 
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planned  to  be  spread  among  the  forty  three  periods#  The 
number  of  sessions  allocated  to  any  one  kind  depended  upon 
the  nature  of  the  period.  First  was  the  discussion- 
demonstration  period.  During  this  type  of  period  there  were 
presented  audio-visual  aids  relative  to  the  material  being 
studied  and  discussion  of  material  recently  covered.  Second 
was  the  syllabus  period  in  which  the  answers  to  the  syllabus 
questions  were  checked  and  any  needed  explanations  of 
definitions,  concepts,  or  methods  were  given.  Third  was  the 
original  writings  period.  During  this  period  the  excerpts 
from  the  original  writings  indicated  above  were  discussed. 
Fourth  was  a progress  test  review  period  in  which  a progress 
test  was  reviewed  on  the  day  following  its  administration. 
Fifth  was  a practice  test  period.  This  was  one  period 
reserved  for  the  students  to  take  a practice  test. 

Since  there  were  twenty two  units  in  the  syllabus 
(designed  to  be  covered  at  the  rate  of  one  unit  per  period), 
two  progress  tests,  and  one  practice  test,  there  were  left 
eighteen  periods  for  demonstration-discussions  and  original 
writings.  It  was  felt  that  there  should  be  approximately 
one  of  the  demonstration-discussion  periods  each  week  except 
for  those  weeks  in  which  original  writings  were  discussed. 

In  the  final  planning  it  was  expected  that  there  would  be 
six  periods  for  the  discussion  of  original  writings  and 
twelve  for  discussion-demonstrations. 
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In  order  to  get  some  measure  of  the  second 
hypothesis- -the  more  the  meaningful  discussion  the  greater 
the  achievement  of  the  prime  objective— it  was  arranged  to 
have  one  section  of  this  course  spend  more  time  on  the  discus- 
sion of  original  writings  and  less  time  on  the  syllabus  work. 
This  section  had  sixteen  syllabus  periods,  not  twenty-two 
and  twelve  original  writings  periods,  not  six.  The  efforts 
of  this  special  section  were  compared  to  certain  of  the 
regular  sections  in  order  to  test  the  second  hypothesis.  The 
original  plans  called  for  this  comparison  to  be  validated 
by  an  analysis  of  covariance  with  the  American  Council  on 
Education  Psychological  Examination  scores  as  the  covariant. 
This  measure  proved  to  be  inadequate  and  another  was 
selected— namely,  the  final  grades  the  students  had  made  on 
the  first  semester  of  the  physical  sciences  course. 

jawmary 

Obj ectives 

Hie  objectives  of  the  proposed  C~22d  course  were  as 

follows: 

1.  To  develop  a positive  attitude  toward  the  nature 
of  science. 

2.  To  develop  an  understanding  of  some  common 
phenomena . 

3. 


To  develop  the  use  of  reasoning 


These  objectives  were  selected  because  they  were  directly 
related  to  three  attributes  of  an  individual  which  should 
be  acquired  or  improved  as  a result  of  exposure  to  a general 
education  physical  sciences  course. 

Content 

Since  administrative  requirements  called  for  C**22d  to 
use  astronomy  for  its  subject  matter  much  of  the  content  was 
already  structured.  Supplementary  content,  however,  in  the 
form  of  excerpts  from  original  writings  centered  on  an 
astronomical  theme  were  used  also.  The  literature  strongly 

supports  the  use  of  original  writings  and  the  historical 

P 

approach. 


Methods  of  Instruction 

The  methods  of  instruction  used  in  C**22d  were  as 

follows: 

1 . Informal  lecture 

2.  Recitation 

3.  Discussion 

4.  Laboratory 

The  process  of  learning  calls  for  an  emphasis  upon  those 
methods  which  maximally  involve  a student  in  a learning 
situation,  i.e.  discussion  and  laboratory.  However,  research 
also  has  shown  that  under  certain  conditions  the  informal 
lecture  and  recitation  may  be  the  best  methods  to  use. 
Therefore,  when  conditions  were  such  as  to  favor  the  use 
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of  the  informal  lecture  or  recitation,  it  was  anticipated 
that  these  methods  would  be  employed.  Never- the-less,  it 
was  felt  that  the  discussion  method  should  be  emphasized. 

Evaluation 

Evaluative  data  were  acquire!  from  the  following 

sources : 

1*  Departmental  examinations. 

2.  Locally  prepared  information  test  on  astronomy, 

3.  Locally  prepared  opinion  scale  about  science. 

4.  Classroom  observations. 

5.  Questionnaire. 

Departmental  examinations  yielded  information  about  factual 
knowledge  and  reasoning  ability.  The  locally  prepared 
information  test  indicated  the  extent  of  gain  in  factual 
information.  The  locally  prepared  opinion  scale  ascertained 
the  degree  of  attitude  change.  Classroom  observations  gave 
a measure  of  the  quantity  and  quality  of  discussion.  The 
questionnaire  permitted  students  to  evaluate  portions  of  the 
course  anonymously. 

Kinds  of  Class  Activities 

Following  were  the  types  of  classroom  periods  which 
were  to  be  employed  in  C-22d,  and  the  number  of  each  which 
were  to  be  held  during  the  semester: 

1.  Demonstration-discussion--twelve  periods. 

2.  Syllabus- -twenty- two  periods. 
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3.  Original  writings— six  periods. 

4.  Progress  test  review— two  periods. 

5.  Practice  test— one  period. 

The  demonstration-discussion  periods  were  to  be  used  not  only 
for  the  exhibition  of  audio-visual  aids  and  an  opportunity 
to  discuss  the  material  recently  covered  but  also  to 
provide  variety  to  classroom  periods  with  the  hoped-for 
result  that  they  would  stimulate  the  student.  The  syllabus 
periods  were  to  be  used  in  such  a manner  as  to  help  the 
student  achieve  a mastery  of  the  material.  The  original 
writings  periods  were  to  bring  out  some  of  the  features  in  the 
growth  of  ideas.  The  progress  test  review  periods  were 
designed  to  make  these  examinations  vehicles  for  learning. 

Hie  practice  test  period,  which  came  about  halfway  between 
the  start  of  the  semester  and  the  first  progress  test,  enabled 

j 

the  student  to  assess  his  progress  to  that  point. 


CHAPTER  V 


OUTCOMES  OF  THE  PROPOSED  CURRICULUM 

The  general  education  physical  sciences  course  in 
astronomy  described  in  Chapter  IV  was  offered  during  the 
spring  term  1956  at  the  University  of  Florida.  A total  of 
179  students  completed  the  course.  Of  this  number,  122  were 
freshmen  and  the  remainder  were  sophomores.  There  were 
twelve  sections  which  averaged  fifteen  students  each,  and 
ranged  in  size  from  nine  to  twenty- three.  There  were  seven 
different  instructors  engaged  in  teaching  the  course— one 
having  three  sections,  three  having  two  sections  each,  and 
three  having  one  section  apiece.  Eight  sections  met  on 
Monday,  Wednesday,  and  Friday  for  fifty  minutes  each  day. 

The  first  of  these  sections  began  at  7:40  a.m.  and  the 
last  one  at  2:40  p.m.  The  other  four  sections  were  split 
sections,  that  is,  they  met  at  varying  times  during  the  week. 
One  of  these  split  sections  met  on  Monday  at  4:40  p.m.  and 
then  on  Tuesday  and  Thursday  at  10:40  a.m.  Another  split 
section  met  on  Tuesday  and  Thursday  at  11:40  a.m.  and  on 
Wednesday  at  4:40  p.m.  The  third  and  fourth  split  sections 
met  for  two  consecutive  periods  on  Tuesday  and  for  one 
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period  on  Thursday.  The  special  section— the  one  set-up  to 
allow  the  second  hypothesis  of  this  study  to  be  tested— was 
one  of  the  split  sections.  Because  of  this  it  was  decided 
to  use  the  other  split  sections  as  the  control  group. 
Evaluation  of  the  curriculum  rested  largely  on  data  obtained 
from  these  four  sections.  It  was  felt  that  these  sections 
with  approximately  one- third  of  the  total  population 
represented  an  adequate  sample  of  that  population  and,  at 
the  same  time,  provided  conditions  of  similarity  between  the 
special  and  control  groups  which  would  minimize  variations 
due  to  the  hours  at  which  the  classes  met.  These  four  split 
sections  had  four  different  instructors.  By  not  having  the 
same  instructor  for  the  special  and  control  groups  it  was 
felt  that  personal  biases  would  have  a minimal  effect  on  the 
outcomes . 

The  presentation  of  the  results  is  in  the  same  order 
as  the  facets  of  the  curriculum  were  presented  in  Chapter 
IV.  Before  recounting  the  results  it  is  necessary  to  indicate 
the  nature  of  the  statistical  work  done. 

Procedures 

most  of  the  statistical  work  was  aimed  at  the 
comparisons  of  two  sets  of  scores.  The  chief  statistical 
procedure  used  to  determine  whether  a significant  difference 
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existed  between  two  sets  of  scores  was  Student's  t-test.-*- 
By  calculating  the  value  of  X for  the  given  data  and  then 
comparing  it  with  a critical  value  found  in  a statistical 
table  it  was  possible  to  state,  in  terms  of  probability, 
whether  there  was  a significant  difference  between  the  two 
sets  of  scores.  This  study  used  the  5 per  cent  level  of 
confidence  for  the  statistical  comparisons.  This  meant  that 
a difference  was  called  significant  only  if  the  probability 
of  such  a difference  being  due  to  chance  alone  was  less  than 
5 per  cent. 

Student's  t-test  is  based  on  the  assumption  the  the 
variances  of  the  two  sets  of  scores  are  equal.  If  this 
assumption  is  false.  Student's  t-test  may  not  be  used.  In 
order  to  insure  the  validity  of  this  assumption,  the  F-test2 
was  used.  This  test  is  a means  of  determining,  in  terms  of 
probability,  whether  the  difference  between  the  variances 
of  the  data  is  due  to  chance  alone.  If  the  variances  could 
not  be  considered  equal  as  a result  of  the  F-test,  then, 
in  place  of  Student's  t-test  a coarser  tool  was  used  to 
determine  the  significance  of  the  difference  between  two 
sets  of  scores.  This  was  the  sign  test,3 

1p.  g.  Hoei,  Xst  ifotfremtisal 

(2d  ed.;  New  York:  John  iley  and  Sons,  Inc.,  1954), 

222-229. 

2 Ibid.,  pp.  233-237. 

3 Ibid.,  pp.  285-288. 
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Sometimes  a set  of  scores  for  one  group  will  be 
higher  than  for  another  simply  because  the  first  group  has 
more  superior  individuals  in  it.  In  comparing  the  special 
section  with  the  control  sections  it  was  necessary  to  take 
this  possibility  into  account.  This  was  done  by  an  analysis 

A C 

of  covariance.  ' J This  procedure  has  the  effect  of 
levelling  the  individuals  with  respect  to  one  variable 
(i.e.,  intelligence)  so  that  comparisons  on  another  variable 
(i.e.,  achievement)  will  be  more  equitable. 

ftfr.tesUvgB  JSslSSigd  Course 

The  objectives  established  as  the  goals  of  the  course 
were  those  described  in  Chapter  IV,  and  were  as  follows: 

1.  To  develop  a positive  attitude  toward  the  nature 
of  science. 

2.  To  develop  an  understanding  of  some  common 
phenomena. 

3.  To  develop  the  use  of  reasoning. 

The  subject  matter  content  employed  was  that  described 
in  Chapter  IV.  Student  evaluation  of  the  content  sources 


„ 4Helen  M.  Walker  and  Joseph  Lev,  .g.taUsUfffll  Inference 
(New  York:  Henry  Holt  and  Co.,  1953),  chap.  xv. 


5M.  M.  Blair,  £1 
Henry  Holt  and  Co.,  1944 


r 


entarv 


chap. 


(New  York: 

xxii. 
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was  achieved  through  use  of  the  questionnaire.  The  students 
were  asked  to  rate  the  textbook,  the  syllabus,  and  the 
excerpts  from  original  writings  as  "Very  Good,"  "Good," 
"Fair,"  or  "Poor."  For  purposes  of  quantification,  the 
following  numerical  values  were  assigned  these  ratings: 

"Very  Good"— 4;  "Good"— 3;  "Fair"— 2;  and  "Poor"— 1. 

The  average  rating  for  the  text  was  2.75,  for  the 
syllabus  3.43,  and  for  the  excerpts  from  original  writings 
1.99.  This  indicated,  from  the  students'  point  of  view, 
that  the  text  and  syllabus  were  satisfactory,  but  that 
something  should  be  done  about  the  excerpts  from  original 
writings.  In  discussing  this  with  the  instructors  concerned 
following  the  end  of  the  course,  it  was  felt  that  probably 
the  quantity  of  material  in  these  excerpts  was  out  of  line 
with  the  time  allotted  for  their  study,  and  that  some 
adjustment  should  be  made  in  any  future  presentation. 

Further,  it  was  felt  that  there  should  be  increased  structur- 
ing of  the  initial  discussion  periods.  Also,  since  the 
excerpts  were  not  phrased  in  modern  language  terms,  it  was 
felt  that  the  students  were  handicapped  by  the  mode  of 
language  expression  in  the  excerpts. 

fltethylg  &£  IflstoffUOT 

The  various  methods  of  instruction  listed  in  Chapter 
IV  were  employed  in  each  section.  However,  no  one  method 
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was  used  exclusively  during  any  given  class  period.  For 
example,  during  the  syllabus  periods  there  frequently  were 
discussions  and  informal  lectures  as  well  as  recitations. 

In  one  class  period  one  of  the  methods  might  have  been 
predominant , but  in  the  same  kind  of  period  on  another  date 
another  method  would  have  predominated. 

From  the  classroom  observations  the  following  tally 
was  secured  which  indicated,  on  the  average,  the  total 

f 

relative  frequency  of  usage  of  the  three  methods  of  the 
classroom  (this  omits  the  laboratory  which  was  restricted  to 
the  observing  sessions):  Informal  lecture— 26  per  cent; 

discussion— 20  per  cent;  and  recitation— 54  per  cent.  These 
figures  referred  to  the  number  of  participations  which  were 
identified  as  one  of  the  three  methods  and  gave  no  indication 
of  the  time  element.  Since  there  can  be  many  more  recitation 
responses  per  unit  of  time  than  either  informal  lecture  or 
discussion  responses,  it  was  to  be  expected  that  there  would 
be  a greater  number  of  recitations.  Inasmuch  as  no  record 
was  kept  of  the  time  actually  consumed  by  each  of  these 
methods,  no  final  conclusion  could  be  drawn  as  to  the 
relative  dominance  of  any  one  method. 

The  evaluation  results  consisted  of  various  items  of 
evidence  as  obtained  from  the  instruments  listed  in  Chapter 
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IV,  The  data  from  these  instruments  were  organized  about 
the  two  hypotheses  of  the  study.  Under  each  hypothesis, 
the  data  were  further  oriented  about  the  objectives  of  the 
course . 

Hypothesis  I 

The  first  hypothesis  set  forth  by  the  study  was  as 
follows:  The  proposed  method  of  teaching  is  suitable  for 

the  general  education  physical  science  course  (C-22d)  at 
the  University  of  Florida*- that  is,  the  objectives  of  the 
course  will  be  achieved. 

Is  ,g.e.Y,3lQ]?  £ gaaitiY?  AJvti.tudQ  Toward  jjjg  Nature 
■Sslsaas- — Inasmuch  as  this  objective  dealt  with  attitudes  it 
was  impossible  to  derive  any  evidence  from  the  departmental 
tests  or  the  astronomy  information  test.  The  bulk  of  the 
evidence  came  from  the  opinion  scale.  The  data  relative  to 
the  results  from  the  opinion  scale  are  summarized  in  Table 
1 below.  These  data  are  for  all  four  sections  studied. 

The  following  observations  may  be  made  from  the 
data  of  Table  1.  There  was  an  overall  gain  of  4.3  points 
(from  75.7  to  80.0)  on  the  scale,  tfhen  the  two  sets  of 
scores  were  analyzed  statistically,  it  was  found  that  the 
F value  was  1.06.  Statistical  tables  indicated  an  F value 
of  1.68  at  the  5 per  cent  level  of  confidence.  Since  the 
F value  for  the  data  was  less  than  that  for  the  5 per  cent 
level,  it  was  concluded  that  the  variances  of  the  two 
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table  i 


OPINION  SCALE  SCORES  AND  TESTS  OF  SIGNIFICANCE 
FOR  FOUR  SECTIONS  OF  C-22d,  SPRING  TERM  1956 


Type  of  Data 

Pre-Test 

Score 

Post-Test 

Score 

Five  Per 
Cent 
Level 

Number  of  students 

42 

42 

Range  of  scores 

65  — 8 

18 

70  — 91 

Mean  score 

75.7 

80.0 

Variance  of  scores 

28.5 

30.4 

Value  of  F 

1. 

06 

1.68 

Value  of  Student's  ■ 

t 

4. 

42 

1.96 

sets  of  scores  differed  only  because  of  chance,  tfith  this 
condition  satisfied.  Student's  t-test  was  applied  to 
determine  whether  there  was  any  significant  difference  between 
the  means,  or  whether  the  difference  could  have  been  accounted 
for  by  chance  alone.  Student's  i for  these  data  was  4.42. 

From  statistical  tables  it  was  determined  that  a j;  as  large 
as  1.96  could  be  assigned  to  chance  alone  at  the  5 per  cent 
level  of  confidence.  Since  the  X from  the  data  well 
exceeded  this  number,  the  difference  between  the  means  was 
considered  significant.  The  conclusion  was  drawn  that  the 
students  had  improved  in  their  attitudes  toward  the  nature 
of  science. 

On  the  anonymous  questionnaire  there  was  one  item 
which  had  a bearing  on  this  objective.  The  question  asked 
was,  "Did  this  course  help  you  to  understand  more  about 
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how  scientists  work?"  Granted  that  knowledge  alone  does  not 
assure  true  action  and  that  simply  knowing  how  scientists  work 
will  not  definitely  promote  a proper  attitude  toward  science, 
still  knowledge  is  a basis  upon  which  attitude  modification 
may  build.  To  this  question  86  per  cent  of  the  124  students 
completing  the  questionnaire  said,  "Yes."  This  result,  in 
light  of  the  opinion  scale  results,  was  felt  to  support  the 
conclusion  that  the  primary  objective  of  the  course  had 
been  achieved. 

IQ  m MflWtaroUnq  §am§  Common  Phenomena. 

—Evidence  pertaining  to  this  objective  was  found  in  the 

t 

astronomy  information  test,  the  departmental  tests,  and  in 
the  questionnaire.  The  data  relative  to  the  astronomy 
information  test  results  are  summarized  in  Table  2 below. 

These  data  are  for  all  four  sections  studied. 

TABLE  2 


ASTRONOMY  INFORMATION  TEST  SCORES  AND  TESTS  OF  SIGNIFICANCE 
FOR  FOUR  SECTIONS  OF  C-22d,  SPRING  TERM  1956 


Type  of  Data 

Pre-Test 

Score 

Post-Test 

Score 

Five  per 
Cent 
Level 

Number  of  students 

42 

42 

Range  of  scores 

-3  — 17 

4 — 23 

Mean  score 

5.5 

12.9 

Variance  of  scores 

22.3 

23.2 

Value  of  F 

1. 

04 

1.68 

Value  of  Student's  ■ 

t 7. 

03 

1.96 
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The  value  of  F for  the  scores  was  1.04r  less  than 
that  for  the  5 per  cent  level  of  confidence  so  that  the 
assumption  of  equal  variances  proved  reasonable.  Student's 
Jt  for  the  scores  was  7.03,  much  larger  than  the  5 per  cent 
level  of  confidence  value  of  1.96.  This  meant  that  there 
was  a significant  difference  between  the  means. 

Obtaining  evidence  for  this  objective  from  the 
departmental  tests  was  a little  more  involved.  The  depart- 
mental tests  contained  two  types  of  questions.  The  first 
was  strictly  informational  in  nature,  and  the  second  was 
designed  to  call  upon  a person's  reasoning  ability.  In 
order  to  have  a basis  for  comparison  the  results  of  the  first 
progress  test  were  compared  to  the  results  of  the  final 
examination.  This  could  not  be  done  directly  for  the 
following  reasons:  (1)  the  progress  test  was  one  hour  long 
and  the  final  was  three  hours  in  duration,  and  (2)  the 
proportion  of  information  type  questions  was  not  the  same 
on  both  examinations.  The  first  reason  included  more  than 
just  a time  difference;  there  were  also  the  elements  of 
recency  of  material  covered  and  the  fatigue  factor.  Therefore, 
in  order  to  obtain  scores  for  comparison  on  the  information 
type  questions  as  well  as  on  the  reasoning  type  questions, 
final  scores  for  these  areas  were  predicted  on  the  basis  of 
the  first  progress  test  results.  Prediction  was  made  through 
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the  use  of  a regression  equation6  based  on  data  from  the 
first  semester  of  the  physical  sciences  course. ^ The 
predicted  final  score  was  broken  into  two  subscores  in  the 
same  ratio  as  the  number  of  information  questions  was  to 
the  number  of  reasoning  questions  on  the  final  examination. 

In  comparing  the  predicted  final  information  score 
with  the  observed,  the  variances  of  the  two  sets  of  scores 
differed  by  an  amount  greater  than  that  accountable  for  by 
chance  alone.6 *  Therefore,  Student's  t-test  could  not  be 
used.  The  sign  test  was  used  instead.9 

The  mean  predicted  score  was  46.0,  and  the  mean 
obtained  score  was  58.2.  This  appeared  to  represent  a 
meaningful  gain  and  the  sign  test  indicated  that  it  was 
significant.  In  subtracting  the  final  scores  from  the 
predicted  scores  it  was  found  that  there  were  seven  positive 
differences  and  thirty* three  negative  differences.  This 


6P.  G.  Hoel,  j cit..  pp.  127-129. 

7During  the  first  semester  students  take  three  one- 
hour  progress  tests  and  one  three- hour  final.  The  total  scores 
from  the  progress  tests  and  the  scores  on  the  final  for  the 
students  in  this  study  were  used  to  obtain  the  regression 
equation.  The  equation  turned  out  to  be  y'  » 0.75x  ♦ 2.8. 

O 

F for  the  scores  equalled  2.50;  for  the  5 per  cent 
level  of  confidence  1.81. 

9For  N = 40,  the  probability  is  95  per  cent  that,  in 
subtracting  each  member  of  one  set  of  scores  from  the  cor- 
responding member  of  the  other  set,  the  total  number  of 
positive  or  negative  differences  will  not  be  greater  than  26 
nor  less  than  14.  A greater  or  lesser  number  of  differences— 
more  than  26  or  less  than  14— is  indicative  of  a true  dif- 
ference between  the  sets  of  scores,  that  is,  a difference  not 
due  to  chance  alone. 
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number  lay  well  outside  the  95  per  cent  probability  range • 
Therefore,  the  difference  between  the  two  sets  of  scores 
could  not  be  attributed  to  chance  alone. 

Following  are  some  typical  comments  from  the 
questionnaire  which  have  a bearing  on  this  objective: 

Inasmuch  as  I knew  next  to  nothing  about  the  con- 
stellations and  their  locations,  this  course  provided 
some  very  intriguing  information  and  I am  grateful 
to  it. 

The  overall  accomplishments  of  the  course  were 
quite  gratifying,  as  I had  quite  a curiosity  about  the 
universe.  Many  of  my  questions  were  answered  quite 
satisfactorily,  and  a definite  interest  in  pursuing 
astronomy  further  has  been  left  with  me. 

This  course  was  helpful  and  made  me  see  and  under- 
stand more  things,  but  I didn't  like  it.  That  was  due, 
for  one  thing,  to  the  fact  that  it  was  science,  but 
I don't  like  the  psychological  effect— it  depresses  me 
to  think  of  so  much  else  out  there. 

Hie  general  rumor  going  around  last  semester  about 
astronomy  was  very  poor.  However  I had  heard  there 
was  a change  in  the  course  prior  to  the  beginning  of 
the  2nd  semester.  In  taking  this  course  I feel  that 
I have  picked  up  more  knowledge  of  our  solar  system, 
and  things  relating  to  it,  than  I had  ever  hoped  to 
gain. 

Also,  on  the  questionnaire  was  one  question  relating 
to  this  objective.  It  was,  "Did  this  course  help  you  to 
understand  more  about  the  world  in  which  you  live?"  Of  the 
112  students  who  answered  this  question,  96  per  cent  said, 
"Yes." 

From  the  results  of  the  astronomy  information  test, 
the  departmental  tests,  and  the  questionnaire  it  was 
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concluded  that  the  second  objective  of  the  course  had  been 
achieved. 

Is  BflyslgB  Uss  si  RfiaaaaiDa»-"In  order  to  obtain 
a measure  of  change  in  reasoning  ability,  scores  on  the 
reasoning  type  questions  on  the  departmental  examinations 
were  used.  As  explained  above,  this  comparison  was  made 
by  using  predicted  scores  and  actual  scores  on  the  final 
examination. 

The  mean  predicted  score  was  16.7  and  the  mean  actual 
score  was  19.2.  This  would  seem  to  indicate  a gain  in 
reasoning  ability.  Student's  t-test  could  not  be  used  to 
verify  this,  however,  because  the  variances  of  the  scores 
differed  by  an  amount  greater  than  that  accountable  for  by 
chance  alone.  1516  F value  for  the  scores  was  3.20,  while  the 
5 per  cent  level  of  confidence  value  of  F was  1.81. 

Therefore,  it  was  necessary  to  use  the  sign  test. 

As  before,  the  number  of  students  involved  was  forty. 
The  95  per  cent  probability  range  was  from  26  through  14,  that 
is,  if  the  number  of  positive  or  negative  differences  lay 
within  that  range  then  it  could  not  be  said  that  there  was 
any  significant  difference  between  the  two  sets  of  scores. 

The  number  of  positive  differences  was  sixteen  and 
the  number  of  negative  differences  was  twenty-four.  These 
figures  were  within  the  95  per  cent  probability  range.  The 
conclusion  was  drawn,  then,  that  though  there  was  apparently 
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an  increase  in  reasoning  ability,  it  was  not  enough  to  be 
considered  significant. 

One  possible  explanation  for  this  insignificant 
increase  was  that  this  objective  was  not  taught  for  directly 
and  thus  had  to  develop  incidentally.  Opportunities  to  use 
reasoning  ability  were  amply  provided  but  a direct  attack 
upon  the  methods  and  processes  of  reasoning  was  not  em- 
phasized. However,  the  same  statement  could  be  made  about  the 
first  objective.  At  no  time  during  the  course  did  an 
instructor  knowingly  say,  "Notice  how  science  is  strictly  a 

l 

human  activity.  Do  you  see  how  science  is  limited?  Were 
you  aware  of  all  these  different  scientific  methods?"  It 
was  the  intent  of  the  presentation  to  see  if  students  could 
arrive  at  these  conclusions  through  their  own  efforts. 
Evidently,  for  the  primary  objective  this  process  was 
successful,  but  failed  with  respect  to  reasoning  ability. 

It  was  felt  that  the  answer  to  this  lay  in  the  basic  nature 
of  the  two  processes.  An  attitude  or  opinion  may  be 
conditioned  without  a great  deal  of  conscious  effort. 

Reasoning  ability,  on  the  other  hand,  to  be  improved,  must  be 
worked  on  consciously.  Therefore,  the  evidence  seemed  to 
point  to  a need  for  a more  emphatic,  conscious  attack  upon 
the  matter  of  reasoning. 


84 


Hypothesis  II 

The  second  hypothesis  set  forth  by  the  study  was  as 
follows:  The  greater  the  amount  of  meaningful  discussion 

the  greater  will  be  the  development  of  a positive  attitude 
toward  science  without  loss  of  growth  in  factual  information 
and  reasoning  ability. 

12  PjS.Y^L.QJB  £ iteairlLY.g  4tU.ta.4s  Toward  th§  Nature 
of  Science.-- The  special  section  had  a mean  gain  of  6.8  points 
on  the  opinion  scale  while  the  control  sections  had  a mean 
gain  of  3.3  points.  In  order  to  compare  the  two  groups 
Student's  t-test  was  applied  to  the  difference  in  the  gains 
between  the  special  and  control  sections.  The  data  for  this 
comparison  are  summarized  in  Table  3. 


TABLE  3 


OPINION  SCALE  GAINS  AND  TESTS  OF  SIGNIFICANCE  FOR  THE 
SPECIAL  AND  CONTROL  SECTIONS  OF  C-22d,  SPRING  TERM  1956 


Type  of  Data 

Special 

Section 

Control 

Section 

Five  per 
Cent 
Level 

Number  of  students 

12 

30 

Range  of  gains 

0 

C-3 

1 
I 

o 

-3  — 14 

Mean  gain 

6.8 

3.3 

Variance  of  gains 

28.8 

18.5 

Value  of  F 

1.64 

2.14 

Value  of  Student's  t 

2.16 

1.96 
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The  assumption  of  equal  variances  proved  to  be 
reasonable.  The  difference  between  the  means  was  signifi- 
cant. This  indicated  that  the  special  section  achieved  the 
first  objective  to  a greater  degree  than  the  control  sections 
— and  to  a degree  not  discountable  by  chance  alone. 

As  was  mentioned  earlier,  one  group  does  better  on  a 
test  than  another  for  a variety  of  reasons,  one  of  which  may 
be  that  one  group  contains  more  superior  individuals. 
Therefore,  another  comparison  of  the  special  and  control 
groups  needed  to  be  made  on  a more  equitable  basis  to  see  if 
the  difference  in  gains  on  the  opinion  scale  was  due  to  the 
presence  of  more  superior  students. The  more  equitable 
comparison  was  achieved  by  an  analysis  of  covariance. 

It  was  originally  planned  to  use  the  American 
Council  on  Education  Psychological  Examination  scores  for 
the  covariant.  However,  at  the  end  of  the  term  it  was 
discovered  that  these  scores  did  not  exhibit  a pattern  of 
variation  similar  to  the  distribution  of  final  grades  or  to 
the  gains  made  on  the  locally  devised  tests. ^ There  was 


•^The  students  in  the  special  section  had  an  average 
ACE  score  of  125  while  those  in  the  control  sections  averag- 
ed 107;  the  special  section  students  achieved  somewhat 
higher  grades  in  the  first  semester  of  the  physical  sciences 
course  than  the  control  students  did. 

■^The  product-moment  coefficient  of  correlation 
between  the  Psychological  Examination  scores  and  each  of  these 
other  measures  turned  out  to  be  in  the  neighborhood  of 
zero. 
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a coincidental  pattern  of  variability  found  with  the  final 
grades  of  the  first  semester  of  the  physical  sciences 
course.  Therefore,  the  analysis  of  covariance  used  these 
grades  as  the  covariant. 

The  covariance  F value  was  2.72,  and  this  was  less 
than  the  F value  for  the  5 per  cent  level  of  confidence- - 
4.32.  From  this  it  was  concluded  that  the  difference  between 
the  special  and  control  sections  could  be  explained  by  the 
presence  of  slightly  superior  students,  academically 
speaking,  in  the  special  section.  In  other  words,  in  view 
of  the  academic  achievement  differences  between  the  two 
groups,  the  difference  in  the  achievement  of  the  primary 
objective  was  not  found  to  be  statistically  significant. 

la  PgXftlflB  aa  MraitmUnq  ai  £om  Samoa 
Phenomena  .—The  second  hypothesis  postulated  that  the 
special  section  would  do  as  well  as  the  control  sections  in 
the  achievement  of  this  objective.  Table  4 below  summarizes 
the  data  wherein  the  gains  made  by  the  special  section  and 
by  the  control  sections  on  the  astronomy  information  test 
are  compared . 

It  may  be  noted  from  Table  4 that  there  seemed  to 
be  a slightly  significant  difference  between  the  two  sets 
of  gains  in  favor  of  the  special  section.  To  see  whether 

^The  correlation  coefficient  was  0.68, 
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TABLE  4 

ASTRONOMY  INFORMATION  TEST  GAINS  AND  TESTS  OF 
SIGNIFICANCE  FOR  THE  SPECIAL  AND  CONTROL 
SECTIONS  OF  C-22d,  SPRING  TERM  1956 


as 


Type  of  Data 

Special 

Section 

Control 

Section 

Five  per 
Cent 
Level 

Number  of  students 

12 

30 

Range  of  gains 

4 — 2: 

2 

-3  — 15 

Mean  gain 

9.9 

6.4 

Variance  of  gains 

27.2 

20.6 

Value  of  F 

1.40 

2.14 

Value  of  Student's  t 

2.11 

1.96 

this  difference  was  the  result  of  the  slightly  superior 
academic  abilities  of  the  special  section  students,  another 
analysis  of  covariance  was  made  for  these  data. 

The  covariance  F was  3.25,  less  than  the  critical 
value  of  F at  the  5 per  cent  level  of  confidence.  This 
meant  that  the  difference  between  the  special  section  and  the 
control  sections  was  not  statistically  significant  when 
allowance  was  made  for  the  somewhat  initial  superiority  of 
the  special  section  students. 

In  comparing  the  predicted  and  obtained  scores  on  the 
information  type  questions  from  the  departmental  examinations 
it  was  found  that  the  special  section  had  a mean  gain  of 
17.6  points  while  the  control  group  had  a mean  gain  of  9.6 
points.  The  difference  was  not  significant,  however,  at 
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TABLE  5 


GAINS  MADE  ON  INFORMATION-TYPE  QUESTIONS  ON  THE  DEPARTMENTAL 
TESTS  AND  TESTS  OF  SIGNIFICANCE  FOR  THE  SPECIAL 
AND  CONTROL  SECTIONS  OF  C-22d,  SPRING  TERM  1956 


Type  of  Data 

Special 

Section 

Control 

Section 

Five  per 
Cent 
Level 

Number  of  students 

12 

28 

Range  of  gains 

-3  — 38 

-11  — 35 

Mean  gain 

17.6 

9.6 

Variance  of  gains 

179.0 

160.0 

Value  of  F 

1.12 

2.16 

Value  of  Student's  t 

1.60 

1.96 

the  5 per  cent  level  of 

confidence. 

■ The  data  for 

this 

comparison  are  summarized  in  Table  5 above. 

From  the  results  of  the  astronomy  information  test 
and  the  departmental  tests  it  was  concluded  that  the  special 
section  did  as  well  as  the  control  section  in  the  amount  of 
informational  material  acquired. 

12  IteY-alSP  H§£  ai.  Bgflffiffllag .—Again  the  depart- 
mental test  scores  were  used  for  purposes  of  comparison. 

The  special  section  gained  an  average  of  4.2  points  in 
reasoning  ability  while  the  control  section  gained  an  average 
of  1.8  points.  Once  more  the  statistical  tests  indicated 
the  difference  to  be  non- significant.  The  data  for  this 
comparison  are  summarized  in  Table  6. 
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TABLE  6 


GAINS  MADE  ON  REASON ING-TYPE  QUESTIONS  ON  THE  DEPARTMENTAL 
TESTS  AND  TESTS  OF  SIGNIFICANCE  FOR  THE  SPECIAL  AND 
CONTROL  SECTIONS  OF  C-22d,  SPRING  TERM  1956 


Type  of  Data 

Special 

Section 

Control 

Section 

Five  Per 
Cent 
Level 

Number  of  students 

12 

28 

Range  of  gains 

c- 

rH 

1 

1 

cr> 

1 

-6  — 11 

Mean  gain 

4.2 

1.8 

Variance  of  gains 

50.3 

23.6 

Value  of  F 

2.13 

2.16 

Value  of  Student's  t 

1.11 

1.96 

It  may  be  noted  that  for  all  three  objectives  the 
special  section  made  greater  gains  than  did  the  control 
group,  but  at  the  same  time  none  of  these  gains  were  signifi- 
cantly greater  at  the  5 per  cent  level  of  confidence. 

Inasmuch  as  the  hypothesis  postulated  no  differences  for  the 
second  and  third  objectives,  it  was  not  felt  necessary  to  seek 
extensive  explanations  for  these  results.  With  the  first 
objective,  however,  possible  causative  factors  needed  to  be 
sought. 

One  possibility  was  that  the  special  section  students 
came  to  class  with  a significantly  better  attitude  toward 
science  and  thus  had  less  room  in  which  to  grow.  If  this  were 
the  case  then  a new  comparison  should  be  made  which  would  take 
into  account  the  "ceiling  effect."  Another  possibility  was 
that  the  quality  of  the  discussion  in  the  special  section 
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was  poorer  than  in  the  control  sections.  Mere  volume  of 
discussion  is  not  enough  to  promote  learnings  which  should 
accrue  from  the  use  of  the  discussion  method.  A third 
possibility  was  that  the  total  amount  of  discussion  was  about 
the  same  for  both  groups.  If  this  were  the  case,  then 
significant  gains  by  one  group  over  the  other  would  not  be 
expected. 

On  the  pre-test  form  of  the  opinion  scale  the  special 

section  had  a mean  of  75.8  and  the  control  section  had  a 

#■ 

mean  of  75.6.  The  difference  between  these  means  was  not 
enough  to  say  that  the  ceiling  effect  affected  one  group  more 
than  the  other.  Student's  t-test  substantiated  the  lack  of 
a significant  difference.  Both  groups  had  nearly  the  same 
amount  of  room  in  which  to  grow. 

In  order  to  check  on  the  possibility  of  poorer 
discussion  in  the  special  section  a comparison  was  made  of  the 
quality  scores  in  the  special  section  with  the  quality  scores 
in  the  control  sections.  Again  no  significant  difference 
was  found. 

The  third  possibility,  that  the  total  amount  of 
discussion  actually  was  not  different  for  the  two  groups, 
was  checked  by  an  analysis  of  the  tabulations  regarding  the 
number  of  discussion  type  participations  for  each  group. 

The  special  section  was  supposed  to  have  a significantly 
greater  amount  of  discussion  than  the  control  sections. 
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This  was  not  the  case.  The  data  indicated  no  significant 
difference  between  the  two  groups. 

This  lack  of  a true  difference  between  the  two  groups 
regarding  the  total  amount  of  discussion  was  due  to  the 
discussion  type  activity  not  restricting  itself  to  the 
scheduled  discussion  periods,  and  to  the  occasional  failure 
of  discussion  to  develop  in  such  a scheduled  period.  For 
example,  in  one  of  the  sections  taught  by  the  author,  the 
first  day  scheduled  for  discussion  original  writings  drew  a 
blank.  The  students  were  not  sure  of  what  they  were  to  do. 
They  did  not  seem  to  have  the  background  or  the  desire  to 
discuss  the  day's  assignment.  Yet  this  same  group,  later  in 
the  semester,  challenged  a statement  in  the  text,  drew 
somewhat  varying  inferences,  and  engaged  in  an  excellent 
discussion  period.  Only  this  occurred  during  a scheduled 
syllabus  period.  Similar  situations  were  found  in  the  other 
sections. 

Thus,  the  failure  of  the  special  section  to  show  a 
significant  difference  from  the  control  sections  was  at- 
tributed to  the  lack  of  a difference  between  the  two  groups 
insofar  as  the  amount  of  discussion  was  concerned.  Since 
there  was  no  significant  difference  in  the  amount  of 
discussion,  the  second  hypothesis  could  not  be  evaluated 
properly. 
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A general  criticism,  based  on  statistical  considera- 
tions, was  levelled  at  the  comparisons  of  the  special  section 
with  the  control  sections.  The  total  number  of  students  in 
the  special  section  for  whom  data  were  available  was  but 
twelve.  This  section  originally  had  eighteen  students.  Three 
of  these  dropped  the  course,  and  three  others  were  absent  on 
one  or  more  of  the  days  when  the  evaluative  instruments 
were  administered.  An  attrition  of  33  per  cent  had  not  been 
anticipated.  Thus,  even  though  small  sample  statistical 
techniques  were  employed,  this  small  a sample  left  the 
validity  of  the  conclusions  drawn  therefrom  open  to  question. 

Mg  &£  SI aafflP.W  Activities 

The  classroom  activities  described  in  Chapter  IV 
were  conducted  for  all  C-22d  sections,  including  more  time 
for  the  special  section  to  discuss  the  excerpts  from  original 
writings.  The  number  of  periods  for  each  activity  was  not 
exactly  as  set  forth  in  the  plan.  This  was  due  to  two  of  the 
films  (several  were  ordered  on  the  basis  of  catalogue 
description  only)  proving,  after  their  arrival,  to  be 
completely  unusable.  The  special  section  used  one  of  these 
periods  as  a syllabus  period  and  the  other  for  discussing 
original  writings.  The  control  sections  used  one  of  the 
periods  for  a syllabus  period,  but  retained  the  other  for 
discussion  of  textbook  material. 
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TABLE  7 

KINDS  OF  CLASSROOM  ACTIVITY,  NUMBER  OF  PERIODS  SPENT  ON 
EACH  ACTIVITY  BY  THE  SPECIAL  AND  CONTROL  SECTIONS  OF 
C-22d,  AND  THE  AVERAGE  STUDENT  RATING  FOR  EACH 
ACTIVITY,  SPRING  TERM  1956 


Kind  of 
Classroom 
Activity 

Number  of 
Special 
Section 

Periods 

Control 

Section 

Average 

Student 

Rating 

Demonstration- 

Discussion 

10 

11 

3.50 

Syllabus 

17 

23 

3.43 

Original  Writings 

13 

6 

1.99 

Progress  Test  Review 

2 

2 

3.48 

Practice  Test 

1 

1 

2.99 

TOTAL 

43 

43 

The  students  were  asked  to  evaluate  the  kinds  of 
classroom  activity  on  the  questionnaire,  using  the  same  scale 
as  described  in  the  Content  section  above.  These  ratings 
and  the  number  of  periods  actually  spent  by  the  special  and 
control  sections  on  the  different  kinds  of  classroom 
activities  are  listed  in  Table  7 above. 

From  these  data  the  conclusion  was  drawn  that,  from 
the  students  point  of  view,  only  the  presentation  of  the 
excerpts  from  original  writings  needed  some  revamping. 

The  proposed  curriculum  was  offered  during  the 
spring  term  1956  at  the  University  of  Florida.  There  were 
seven  instructors  teaching  twelve  sections  with  a total  of 
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179  students.  Eight  sections  met  on  Monday,  Wednesday,  and 
Friday  for  fifty  minute  periods  each  day.  The  other  four 
met  at  varying  times  during  the  week.  One  of  these  four  was 
the  special  section  and  the  other  three  formed  the  control 
group.  Nearly  all  of  the  data  for  the  study  came  from  these 
four  sections. 

Since  most  of  the  statistical  work  consisted  of 
comparing  two  sets  of  scores.  Student's  t-test  was  the  chief 
statistical  tool  employed.  The  validity  of  its  use  was 
assured  by  the  F-test.  When  Student's  t-test  could  not  be 
used,  the  sign  test  was  employed.  For  certain  comparisons  of 
the  special  and  control  groups  the  technique  of  analysis  of 
covariance  was  used— with  final  grades  from  the  first 
semester  of  the  physical  sciences  course  as  the  covariant— 
to  produce  a more  equitable  comparison. 

Objectives 

The  objectives  of  the  course  were  as  follows: 

1.  To  develop  a positive  attitude  toward  the  nature 
of  science. 

2.  To  develop  an  understanding  of  some  common 
phenomena . 

3.  To  develop  the  use  of  reasoning. 
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Content 

The  content  was  supplied  by  means  of  a textbook, 
syllabus,  and  excerpts  from  original  writings.  Student 
evaluation  indicated  satisfaction  with  the  textbook  and 
syllabus,  but  some  dissatisfaction  with  the  original  writings. 
It  was  felt  that  this  was  caused  by  attempting  to  cover  too 
much  material  in  the  time  allotted,  by  insufficient  structur- 
ing of  the  initial  discussion  periods,  and  by  the  unfamiliar 
phraseology  used  in  the  excerpts. 

Methods  of  Instruction 

The  methods  of  instruction  used  included  the  informal 
lecture,  discussion,  recitation,  and  laboratory  (this  last 
reflected  itself  in  the  observing  sessions).  Although  a 
tally  was  made  of  the  number  of  classroom  participations 
which  could  be  identified  with  one  of  these  methods,  there  was 
no  record  kept  of  the  actual  amount  of  time  utilized  by  these 
methods.  Therefore,  no  final  conclusion  was  drawn  about  the 
relative  dominance  of  any  one  method. 

Evaluation 

There  was  evidence  to  support  the  contention  that  the 
first  objective  was  achieved  by  the  entire  group.  The  opinion 
scale  indicated  a statistically  significant  achievement  in 
this  area. 

The  second  objective  likewise  was  achieved.  The 
astronomy  information  test  and  the  departmental  tests 
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yielded  scores  which  indicated  a significant  gain. 

The  third  objective  showed  evidence  of  a gain,  but  not 

enough  to  be  considered  significant.  This  failure  to  gain 
significantly  in  the  realm  of  reasoning  ability  was  felt  to 
be  due  to  a lack  of  conscious  emphasizing  of  the  methods 
and  processes  of  reasoning. 

In  general,  it  was  felt  that  the  first  hypothesis 
could  be  accepted.  The  primary  objective  was  achieved.  The 
second  objective  was  achieved.  The  third  objective  needed 
greater  effort  for  its  achievement,  but  such  effort  was  felt 
to  be  definitely  possible. 

There  was  evidence  which  indicated  a greater  gain 
in  the  attainment  of  all  three  objectives  by  the  special 
section,  but  none  of  the  gains  were  significantly  greater  at 
the  5 per  cent  level  of  confidence.  This  was  expected  for  the 
second  and  third  objective,  but  not  for  the  first.  It 
turned  out  that  there  was  no  significant  difference  in  the 
amount  of  discussion  held  in  the  two  groups.  Thus,  the 
special  section  performed  as  they  should  have  under  the 
circumstances.  Being  a slightly  superior  group  they  achieved 
the  objectives  to  a slightly,  though  not  significantly, 
greater  degree.  Due  to  a lack  of  a significant  difference 
between  the  groups  relative  to  the  amount  and  quality  of 
discussion,  the  second  hypothesis  remained  unanswered. 
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All  results  rek  tive  to  the  comparison  of  the  special 
section  with  the  control  sections  were  open  to  serious 
question  due  to  the  small  number  of  individuals  in  the 
special  section. 

Kinds  of  Classroom  Activities 
The  number  of  periods  spent  on  each  of  the  different 
kinds  of  classroom  activities  differed  only  slightly  from  the 
original  plan.  Student  evaluation  of  these  activities 
indicated  general  satisfaction  except  for  the  original 
writings  periods. 


CHAPTER  VI 


SUMMARY,  CONCLUSIONS,  AND  RECOMMENDATIONS 

9urcmarY 

The  first  semester  of  the  general  education  physical 
sciences  course  at  the  University  of  Florida  emphasizes  the 
objectives  of  developing  an  understanding  of  some  common 
phenomena  and  developing  the  use  of  reasoning.  Because  of 
this,  it  was  felt  that  the  second  semester  of  this  course 
should  emphasize  the  developing  of  a positive  attitude  toward 
the  nature  of  science.  Further,  it  was  felt  that  this  could 
be  achieved  best  by  examining  the  growth  of  ideas  and  utiliz- 
ing the  discussion  method  of  teaching.  In  view  of  the  fact 
that  this  represented  a new  orientation  for  this  course,  it 
was  decided  to  have  a trial  run  to  determine  the  feasibility 
of  such  a course  at  the  University  of  Florida.  The  astronomy 
variant  was  selected  to  try  out  the  new  ideas. 

The  proposed  method  of  teaching  the  course  with  the 
new  orientation  included  the  following  main  features: 
Examination  of  the  growth  of  ideas  through  study  of  excerpts 
from  original  writings  centered  about  selected  problems  in 
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astronomy;  use  of  the  discussion  method  of  teaching  in 
examining  the  excerpts;  use  of  a textbook  to  supply  factual 
information;  use  of  recitation  and  informal  lecture  methods 
of  teaching  as  well  as  discussion  to  examine  the  factual 
information;  and  observing  sessions  as  a form  of  laboratory. 
This  method  differed  from  previous  presentations  of  the 
course  in  that  the  latter  seldom,  if  ever,  had  any  discussion. 
Only  the  informal  lecture  and  recitation  were  used. 
Furthermore,  no  thought  had  been  given  to  the  development  of 
the  growth-of  ideas  theme. 

The  problem  of  the  study  was  to  determine  the 
suitability  of  a selected  teaching  method  for  the  achieve- 
ment of  predetermined  objectives  of  the  general  education 
physical  sciences  course  at  the  University  of  Florida. 

Studies  related  to  this  one  indicated  something  of 
the  experimental  nature  of  general  education,  of  efforts  to 
make  learning  more  meaningful  through  use  of  the  discussion 
method,  and  of  attempts  to  evaluate  attitudes  toward  science. 
The  only  general  statement  which  could  be  made  from  these 
was  that  there  is  an  increasing  awareness  of  the  need  to 
evaluate  the  effect  of  general  education  courses  on  the 
student's  attitudes  and  to  determine  the  role  of  the 
discussion  method. 

The  study  undertook  the  task  of  evaluating  the 


following  hypotheses: 
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1.  The  proposed  method  of  teaching  is  suitable  for 
the  general  education  physical  sciences  course  (022d)  at 
the  University  of  Florida— that  is,  the  objectives  of  the 
course  will  be  achieved. 

2.  The  greater  the  amount  of  meaningful  discussion 
the  greater  will  be  the  development  of  a positive  attitude 
toward  science  without  loss  of  growth  in  factual  information  . 
and  reasoning  ability. 

The  study  was  organized  in  the  following  manner: 

(1)  development  of  background  material  from  the  fields  of 
general  education  and  psychology  of  learning  to  substantiate 
the  proposed  method;  (2)  description  of  a proposed  curriculum 
based  on  the  background  material;  and  (3)  enumeration  of  the 
outcomes  of  the  proposed  curriculum  after  it  had  been  offered 
for  one  semester  at  the  University  of  Florida. 

Evaluation  of  the  hypotheses  was  based  on  the 
following  sources  of  data:  Opinions  of  instructors;  ratings 

by  students;  classroom  observations;  and  various  objective 
instruments  which  measured  attitudes  toward  science,  factual 
information,  reasoning  ability,  and  quantity  and  quality  of 
discussion.  Data  were  secured  to  evaluate  the  second 
hypothesis  from  a comparison  of  a special  section  with  certain 
of  the  regular  sections.  The  special  section  differed  from 
the  regular  sections  in  that  it  had  more  periods  in  which  to 
examine  excerpts  from  original  writings  and  fewer  periods 
devoted  to  syllabus  work. 
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Examination  of  published  reports  substantiated  the 
role  of  the  sciences  in  programs  of  general  education. 
Further,  they  substantiated  both  the  use  of  a growth- of- 
ideas  theme  and  the  use  of  the  discussion  method  of  teching. 

The  objectives  of  the  course  were  (1)  to  develop  a 
positive  attitude  toward  the  nature  of  science,  (2)  to 
develop  an  understanding  of  some  common  phenomena,  and  (3) 
to  develop  the  use  of  reasoning. 

The  proposed  curriculum  was  offered  during  the  spring 
term  1956  at  the  University  of  Florida.  There  were  seven 
instructors  teaching  twelve  sections  with  a total  of  179 
students.  Three  of  the  regular  sections  were  selected  as 
the  control  group  for  purposes  of  making  comparisons  with 
the  special  section. 

Student  evaluation  indicated  satisfaction  with  the 
textbook  and  syllabus,  but  some  dissatisfaction  with  the 
excerpts  from  original  writings.  They  further  indicated 
general  satisfaction  with  the  different  kinds  of  classroom 
activities. 

The  opinion  scale  indicated  a significant  gain 
relative  to  the  primary  objective  of  the  course.  The 
astronomy  information  test  and  the  departmental  tests  indi- 
cated a significant  achievement  of  the  second  objective.  The 
departmental  test  scores  indicated  a gain,  but  not  one  that 
was  statistically  significant,  insofar  as  the  third 
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objective  was  concerned. 

Statistical  analyses  based  on  classroom  observations 
data  indicated  no  significant  difference  between  the  special 
and  control  sections  insofar  as  quantity  or  quality  of 
discussion  was  concerned. 

This  study  was  initiated  as  a trial  run  of  some 
ideas  in  general  education,  new  insofar  as  their  employment 
in  the  physical  sciences  department  of  the  University  of 
Florida  was  concerned.  It  was  hoped  that  the  second  semester 
of  the  general  education  physical  sciences  course  could  be 
reorganized  so  as  to  help  students  gain  some  insight  into  the 
role  of  science  in  the  culture.  It  was  felt  that  the 
orientation  of  the  course  should  be  toward  an  examination  of 
the  growth  of  ideas  and  the  utilization  of  the  discussion 
method  of  teaching.  The  primary  purpose  of  the  study  was  to 
determine  the  feasibility  of  a course  so  oriented  for 
University  of  Florida  students. 

In  reviewing  the  results  it  was  noted  that  the  first 
objective  of  the  course--the  focal  objective  for  the  course-- 
was  attained,  a secondary  objective  was  attained,  and  another 
secondary  objective,  though  not  attained,  was  felt  to  be 
within  the  reach  of  the  course.  Therefore,  it  was  concluded 
that,  in  general,  the  course  as  designed  was  acceptable  for 
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the  purposes  desired  and  feasible  for  University  of  Florida 
students.  This  was  the  major  conclusion  of  the  study. 

Other  conclusions,  noted  below,  pertained  to  various  aspects 
of  this  main  conclusion,  and  indicated  areas  which  seemed 
satisfactory,  areas  which  needed  revision,  and  areas  which 
needed  further  study. 

Two  of  the  secondary  conclusions  pertained  to  the 
excerpts  from  original  writings.  The  class  periods  devoted 
to  the  excerpts  from  original  writings  received  a rating  of 
1.99,  or  "Fair,*  from  the  students.  An  effort  was  made  to 
determine  why  these  periods  received  a comparatively  low 
rating.  It  was  noted  that  the  amount  of  reading  material 
from  these  excerpts  was  greater  than  the  usual  textbook 
assignment.  Also,  it  was  noted  that  the  reading  material 
of  the  excerpts  was  couched  in  phraseology  somewhat  dissimilar 
to  modern  modes  of  thought  presentation.  Therefore,  it  was 
concluded  that  the  amount  of  material  in  the  original  writings 
to  be  covered  was  too  much  for  the  time  allotted. 

The  technique  of  open  discussion  was  new  to  the 
course.  The  students  were  not  familiar  with  the  procedures 
of  such,  were  not  sure  of  their  roles.  Hence,  it  was 
concluded  that  there  was  insufficient  structuring  of  the 
initial  original  writings  periods. 

The  textbook,  the  syllabus,  and  the  classroom 
activities,  other  than  the  original  writings  periods,  seemed 
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to  be  satisfactory.  These  received  "Good"  or  "Very  Good" 
ratings.  Here  the  students  knew  their  roles.  Therefore,  it 
was  concluded  that  these  features  of  the  course  should  be 
retained  in  a condition  similar  to  the  presented  form. 

No  record  was  kept  of  the  amount  of  time  utilized 
for  the  various  instructional  methods.  There  was  no  signifi- 
cant difference  between  the  special  and  control  sections 
relative  to  quantity  or  quality  of  discussion.  In  view  of 
this,  no  conclusion  could  be  drawn  as  to  the  effectiveness 
of  increased  amounts  of  meaningful  discussion  relative  to 
the  achievement  of  the  course  objectives. 

The  results  indicated  a failure  on  the  part  of  the 
group  to  make  significant  progress  in  the  matter  of 
reasoning.  During  the  class  periods  there  was  very  little, 
if  any,  direct  teaching  for  this  objective— one  for  which  a 
frontal  attack  in  the  classroom  i3  necessary.  It  was  felt 
that  the  failure  of  the  group  to  make  significant  progress 
in  the  development  of  reasoning  ability  was  due  to  a lack  of 
a strong,  conscious  attack  upon  the  process  of  reasoning- 
failure  on  the  part  of  the  instructor  to  teach  directly  for 
this  objective.  No  definite  conclusion  could  be  drawn. 

RQcgwBflindfttiQnfi 

1.  The  reorganization  of  the  second  semester  of 


the  general  education  physical  sciences  course  at  the 
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University  of  Florida  should  be  oriented  about  the  growth- 
of- ideas  theme  with  the  primary  objective  to  be  the  develop* 
ment  of  a positive  attitude  toward  the  nature  of  science. 

It  was  noted  in  Chapter  I of  the  study  that  a 
reorganization  of  the  second  semester  of  the  physical  sciences 
course  was  contemplated.  The  orientation  of  the  course,  it 
was  felt,  should  be  such  as  to  promote  an  understanding  of 
the  role  of  science  in  the  culture.  Additional  desired  out- 
comes of  a general  education  program  toward  which  the  course 
could  contribute  were  the  comprehension  of  the  physical 
environment  and  its  influence,  and  utilization  of  processes 
of  rational  thought.  The  attainment  of  each  of  these  objec- 
tives would  help  develop  an  individual  with  greater  under- 
standings and  appreciations  of  himself  in  relation  to 
himself  and  to  his  culture.  The  fuller  development  of  the 
individual  would,  in  turn,  result  in  increased  benefits  to 
society.  Hie  trial  run  of  C-22d  showed  this  orientation  to 
be  feasible  for  University  of  Florida  students. 

2.  The  excerpts  from  original  writings  should  be 
short  for  the  first  few  assignments  with  adequate  explanatory 
text.  Further,  the  first  few  sessions  should  be  structured 
to  such  an  extent  that  the  student  perceives  clearly  what  is 
expected  of  him. 

Possible  reasons  for  the  "Fair"  rating  are  cited 
above  in  the  Conclusions.  Each  of  these  areas  suggested 
avenues  for  improvement. 
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3.  As  the  semester  progresses,  the  excerpts  from 
original  writings  should  be  increased  in  length  with  a 
complementary  decrease  in  explanatory  text. 

It  would  be  in  this  fashion  that  a student  may  work 
his  way  into  open  discussion  without  losing  his  bearings. 

4.  In  utilizing  the  process  of  discussion  the 
instructor  should  be  cognizant  of  the  following  points: 

a)  The  problem  or  topic  should  be  clearly 
defined. 

b)  All  members  of  the  class  should  participate. 
The  reticent  individual  should  be  drawn  into  the 
discussion  though  not  by  a technique  which  will 
embarrass  him.  The  overly-loquacious  person  should 
be  subdued, 

c)  Appraisal  should  be  made,  preferably  by  the 
members  of  the  class,  of  the  quality  of  evidence  and 
reasoning. 

d)  Periodic  synthesis  or  restatement  of  group 
thoughts  should  be  made  to  clarify  discussion. 

e)  Points  should  be  brought  out  which  have  not 
been  mentioned  so  as  to  view  the  topic  from  all  sides. 

f)  The  varying  points  of  view  should  be 
summarized  at  the  end  of  the  class  period. 

g)  The  instructor  should  act  as  a moderator, 
not  as  an  oracle. 
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5.  Hie  quantity  and  quality  of  discussion  should  be 
evaluated  through  such  procedures  as  check- lists,  rating 
scales,  time- pertinence  scales,  or  self- evaluative  scales. 

It  would  be  extremely  helpful  to  have  a trained  observer 
and  a tape  recorder  to  procure  data  for  evaluation. 

Evaluation  of  instructional  methods  lacked  a record 
of  time  spent  on  each  method.  This  was  a handicap  in 
attempting  to  evaluate  the  different  instructional  procedures. 

6.  Special  sections  should  be  established  in  C-22d 
which  will  be  conducted  almost  exclusively  by  the  discussion 

r 

method.  The  achievements  of  this  group  should  be  compared 
with  the  regular  sections. 

Although  the  special  section  was  supposed  to  have 
more  discussion  activity  than  the  control  sections,  it  did 
not.  Further,  no  record  was  kept  of  the  time  spent  for  each 
of  the  instructional  methods  employed.  Hence,  no  conclusion 
could  be  drawn  about  the  relative  merits  of  the  different 
methods . 

7.  In  future  studies  the  special  group  should  consist 
of  at  least  two  sections  so  that  the  validity  of  the  statis- 
tical inferences  will  be  increased. 

With  but  one  special  section  the  total  number  of 
students  for  whom  data  were  available,  after  an  attrition 
rate  of  33  per  cent,  was  only  twelve.  This  number  was  so 
small  that  even  use  of  small  sample  statistical  techniques 


108 


may  not  have  produced  unquestionable  results. 

8.  The  objective  concerning  reasoning  ability  should 
be  taught  for  directly  by  analyzing  the  process  of  reasoning. 

The  objective  relating  to  the  development  of 
reasoning  ability  was  taught  for  indirectly  with  the  result 
that  no  significant  increase  was  noted. 


APPENDICES 


APPENDIX  A 


ASTRONOMY  INFORMATION  TEST 

For  the  purposes  of  this  study  it  was  necessary  to 
get  some  measure  of  the  growth  in  factual  information 
achieved  by  the  students.  To  obtain  this  data  an  information 
test  was  devised  locally  using  the  following  procedures:  The 

astronomy  textbook  was  examined  for  areas  of  coverage. 
Seventeen  areas  were  selected  which  represented  information 
contained  in  the  book  and  which  sampled  the  entire  text. 
Twelve  of  these  areas  were  conceptual  in  nature,  the  other 
five  straight  factual  information.  The  concepts  included 
oblateness  of  the  earth,  magnitude  of  stars,  constellations, 
circumpolarity  of  stars,  right  ascension,  declination, 
altitude,  refraction,  time  reckoning,  longitude,  gravity, 
and  galaxies.  The  factual  information  related  to  the  sun, 
moon,  planets,  comets,  and  eclipses. 

Informational  type  questions  relating  to  these  areas 
were  selected  from  progress  tests  and  a final  examination 
which  had  been  given  during  the  school  year  1954-55.  These 
tests  had  been  scored  by  the  University's  Board  of  Examiners 
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for  difficulty  and  validity.^  Fifteen  multiple- choice  and 
fifteen  true- false  questions  were  selected  for  Form  A and 
another  thirty  for  Form  B.  Not  only  were  these  questions 
selected  with  area  coverage  in  mind,  but  also  they  were 
selected  on  the  basis  of  approximately  equal  difficulty  and 
validity  scores.  Student's  t-test  was  employed  to  insure 
the  equality  of  the  two  forms  with  regard  both  to  difficulty 
and  validity  scores.  No  significant  difference  was  found 
between  the  two  forms  at  the  5 per  cent  level  of  confidence. 


^The  difficulty  score  represented  the  proportion  of 
students  from  both  the  lower  and  upper  groups  who  answered 
the  question  correctly;  validity  was  a form  of  tetrachoric 
correlation  which  gave  a measure  of  how  the  upper  group 
compared  with  the  lower  group  insofar  as  the  respective  pro- 
portions correctly  answered  the  question.  The  Board  of 
Examiners  considered  the  ideal  question  as  having  a dif- 
ficulty in  the  neighborhood  of  60  and  a validity  of  not  less 
than  three. 


APPENDIX  B 


OPINIONS  ABOUT  SCIENCE 

For  the  purposes  of  the  study  it  was  necessary  to 
get  some  measure  of  a student's  attitudes  toward  science,  A 
locally  devised  opinion  scale  was  constructed  to  obtain  this 
measure.  The  scale  is  based  on  the  assumption  that  a person's 
attitudes  are  usually  reflected  in  his  opinions.  The  general 
procedures  followed  in  the  construction  of  this  scale  are 
outlined  in  Reamers-*-  for  the  Likert- type  scale.  The  specific 
steps  in  the  construction  of  the  scale  were  as  follows:  A 

total  of  150  statements  about  science  were  collected.  The 

0 

author  felt  that  each  of  the  statements  was  directed  toward 
at  least  one  of  the  five  subpoints  of  the  objective  to 
develop  a positive  attitude  toward  the  nature  of  science. 

The  statements  were  based  on  ideas  presented  in  numerous 
science  textbooks  and  science  articles  in  periodicals. 

The  150  statements  were  submitted  to  a jury  study. 

The  jurors  were  all  on  the  campus  of  the  University  of 


1H. 


H.  Remmers,  latagfofftton  .Qfiifljofl  Md  ikdil.tMe 


OfJ 

(New  York:  Harper  and  Bros.,  1954)7  94-95. 
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Florida.  The  composition  of  the  jury  was  as  follows:  By 

degrees  held— Ph.D.  6,  M.A.  4,  B.S.  2;  by  department— C- 2 7, 
Physics  2,  Education  3.  The  jurors  were  asked  (1)  to 
indicate  the  subpoint  of  the  objective  to  which  the  state- 
ment applied,  if  any,  and  (2)  to  note  whether  they  agreed 
or  disagreed  with  the  statement. 

The  results  of  the  jury  study  were  compiled.  It  had 
been  decided  previously  to  retain  only  those  statements  upon 
which  at  least  two- thirds  of  the  jurors  were  in  agreement 
relative  to  the  Agree- Disagree  scale.  All  jurors  agreed  that 
the  statements  were  applicable  to  the  subpoints  of  the 
objective.  Ten  statements  had  to  be  eliminated  for  lack  of 
agreement  relative  to  the  Agree- Disagree  scale.  ’Die  validity 
of  the  remaining  140  statements  thus  was  established  by 
means  of  this  jury  study. 

The  140  jury-approved  items  were  administered  to  a 
total  of  120  students  enrolled  in  a physical  sciences  depart- 
ment course  during  the  fall  term  1955.  The  items  were 
administered  and  scored  on  a four  point  scale.  No  student 
was  asked  to  react  to  these  items  who  might  have  been 
enrolled  in  the  special  or  control  sections  of  the  following 
semester. 

The  student  papers  were  scored,  and  the  top  25  per 
cent  and  the  bottom  25  per  cent  were  selected  for  item 
analysis.  Item  analysis  was  accomplished  by  means  of  computing 
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the  Phi  Coefficient  for  each  statement. ^ The  5 per  cent 
level  of  significance  was  used.  Sixty- five  of  the  140 
statements  were  significant  at  the  5 per  cent  level. 

From  the  sixty-five  significant  items  at  the  5 per 
cent  level,  fifty  were  selected  to  make  two  forms  of  twenty- 
five  statements  each.  The  fifty  with  the  highest  values  of 
Phi  were  the  ones  selected.  The  statements  were  first 
placed  in  order  of  decreasing  value  of  Phi,  which  ranged 
from  0.700  to  0.294.  The  items  were  then  assigned  to  the 
two  forms  by  an  alternating  division  (i.e.,  the  highest  Phi 
went  to  Form  A,  the  second  highest  to  Form  B,  the  third 
highest  to  Form  A,  etc.}. 

The  two  forms  were  then  examined  for  balance  in  the 
following  respects:  (1)  number  of  Agree  or  Disagree  items; 

(2)  number  of  items  applicable  to  each  of  the  five  subpoints 
of  the  objective;  (3)  number  of  items  essentially  informa- 
tional in  nature  and  the  number  of  items  involving  value 
judgments;  and  (4)  difficulty  of  items.  Wherever  imbalances 
occurred,  cards  were  interchanged  between  the  two  forms  in 
such  a manner  as  to  modify  the  imbalance  without  creating 
imbalances  in  other  areas. 

The  two  final  forms  were  found  to  have  no  signifi- 
cant difference  between  them  relative  to  the  values  of 

2j.  P.  Guilford,  "The  Phi  Coefficient  and  Chi 
Square  as  Indices  of  Item  Validity,"  Psvchometrika.  VI 
(February,  1941),  11-19. 
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the  Phi  Coefficient  or  to  the  difficulty  scores. 

The  two  forms  were  administered  to  a group  of  thirty 
students  in  the  physical  sciences  course  during  the  spring 
of  1956.  None  of  these  were  in  the  experimental  or  control 
sections.  Fourteen  of  the  students  took  Form  A first,  then 
Form  B.  The  other  sixteen  took  Form  B first,  then  Form  A. 

All  took  both  forms  at  the  same  sitting.  The  forms  were 
scored  and  data  computed  to  obtain  a reliability  coefficient. 
The  Rulon  Formula0  was  used  since  these  forms  were  essentially 
parallel— that  is,  they  had  equal  means  and  variances.  The 
reliability  coefficient  turned  out  to  be  0.91. 


3J.  P.  Guilford.  Psvchom^l 

trie  Methods  ( 2d  ed  . : Now 

York:  McGraw-Hill  Book  Co.,  Inc./ 

1954)379. 
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